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Figure I.1-1. Alternative E Near-field Model Scenario 1 Source Locations at BT1 with Ice Pad. 
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Figure I.1-2. Alternative E Near-field Model Scenario 1 Source Locations at BT2. 
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Figure 1.1-3. | Alternative E Near-field Model Scenario 1 Source Locations at BT3. 
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Figure I.1-4. 
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Alternative E Near-field Model Scenario 1 Source Locations at WCF. 
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Figure 1.1-5. | Alternative E Near-field Model Scenario 1 Source Locations at Airstrip/Willow 
Operations Center. 
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Figure 1.1-6. 
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Alternative E Near-field Model Scenario 1 Source Locations at WOC with Ice Pad. 
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Figure 1.1-7. | Alternative E Near-field Model Scenario 1 Source Locations at Gravel Mine Site. 
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Figure |.1-8. Alternative E Near-field Model Scenario 1 Source Locations at Mine Camp. 
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Figure |.1-9. Alternative E Near-field Model Scenario 1 Source Locations at HDD (wide view). 
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Figure 1.1-10. Alternative E Near-field Model Scenario 1 Source Locations at HDD (close-up view). 
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Table 1.1-1. 


Alternative E Near-field Model Scenario 1 Emissions Source Descriptions and In-stack Ratios. 


NOx to 


October 2022 


Source ID : seks Source Description 
Type 
1FACHTR1 POINT BT1 - Willow Facilities Installation - Construction Heaters 0.05 Diesel fueled heaters and boiler 
ie Diesel tailpipe from non-road 
1FACNMAC POINT Lae - Willow Facilities Installation - Air Compressors 0.1 equipment 
Diesel tailpipe from non-road 
| 1FACNR _| vowume BT1 - Willow Facilities Installation - Nonroad Equipment 1 equipment 
Diesel tailpipe from non-road 
1FACNMGS1 POINT BT1 - Willow Facilities Installation - Generator Sets — 0.1 equipment 
Diesel tailpipe from non-road 
1FACNMGS2 POINT BT1 - Willow Facilities Installation - Generator Sets 0.1 equipment 
1PIPHTR1 POINT BT1 - Pipeline Installation - Wellsite to WPF - Construction Heaters 0.05 Diesel fueled heaters and boiler 
Diesel tailpipe from non-road 
1PIPNMAC POINT | BT1 - Pipeline Installation - Wellsite to WPF - Air Compressors 0.1 equipment 
Diesel tailpipe from non-road 
1PIPNR eae BT1 - Pipeline Installation - Wellsite to WPF - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
1PIPNMBR POINT BT1 - Pipeline Installation - Wellsite to WPF - Bore/Drill Rigs — 0.2 equipment 
Diesel tailpipe from non-road 
1PIPNMGS1 POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets 0.1 equipment 
Diesel tailpipe from non-road 
1PIPNMGS2 POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets a 0.1 | equipment 
Diesel tailpipe from non-road 
1PIPNMGS3 POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets 0.1 equipment 


1VSMNR 


VOLUME 


POINT 


| cesuiuses 
1FUGD 


2PADHTR1 
2PADSHTR1 


VOLUME 
POINT 


BT1 - Vertical Support Member (VSM) Construction - Wellsite to 
WPF - Nonroad Equipment 


BT1 - Vertical Support Member (VSM) Construction - Wellsite to 
WPF - Bore/Drill Rigs 


BT1 - Wind Erosion Fugitive Dust - Wind Erosion Fugitive Dust 


BT2 - Pad Construction - Construction Heaters 


BT2 - Pad Construction - Construction Shop Heaters 
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equipment 


Diesel tailpipe from non-road 
equipment 4 
Diesel tailpipe from non-road | 


Diesel fueled heaters and boiler 


Diesel fueled heaters and boiler 
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NOx to 
Source 


Source ID Source Description NO2 Notes 
Type 


Ratio 
i. Ince a en Perec 
2PADNMGS1 POINT BT2 - Pad Construction - Generator Sets 0.1 equipment 
2FUGD VOLUME BT2 - Wind Erosion Fugitive Dust - Wind Erosion Fugitive Dust Pea ee ee 
3PADHTR1 POINT BT3 - Pad Construction - Construction Heaters 0.05 Diesel fueled heaters and boiler 
3PADSHTR1 POINT BT3 - Pad Construction - Construction Shop Heaters 0.05 Diesel fueled heaters and boiler 


Diesel tailpipe from non-road 
3PADNMGS1 POINT BT3 - Pad Construction - Generator Sets 0.1 equipment 

3FUGD VOLUME BT3 - Wind Erosion Fugitive Dust - Wind Erosion Fugitive Dust a 
ALPAIR1 AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 50.8m 0.5 


ALPAIR2 AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 152.4m Aircraft 
ALPAIR3 AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 254m 


9 }9 
Onc 


Aircraft 
BDGHTR1 POINT Bridge Installation - Construction Heater #1 0.05 Diesel fueled heaters and boiler 
BDGHTR2 POINT Bridge Installation - Construction Heater #2 0.05 Diesel fueled heaters and boiler 

Diesel tailpipe from non-road 
BDGNMAC1 POINT Bridge Installation - Air Compressors 0.1 equipment 

Diesel tailpipe from non-road 
BDGNMAC2 | POINT Bridge Installation - Air Compressors 0.1 equipment 

Diesel tailpipe from non-road 
BDGNR VOLUME Bridge Installation - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
BDGNMBR POINT al Bridge Installation - Bore/Drill Rigs 0.2 equipment 

Diesel tailpipe from non-road 

BDGNMGS1 oe Bridge Installation - Generator Sets 0.1 equipment 

Diesel tailpipe from non-road 
BDGNMGS2 POINT Bridge Installation - Generator Sets 0.1 equipment 

Diesel tailpipe from non-road 
MINENMAC POINT Gravel Mining - Air Compressors 0.1 equipment 

Diesel tailpipe from non-road 
MINENMBR POINT Gravel Mining - Bore/Drill Rigs 0.2 equipment 
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NOxto 


Source ID og Source Description ae ee ; NO2 Notes 


' 
Mes Ratio 
Diesel tailpipe from non-road 
MINENMGS1 POINT equipment 
Diesel tailpipe from non-road 


MINENMP equipment 
BLASTANN VOLUME | 


BLASTHR VOLUME 
GRVLHTR1 POINT 
GRVLSHTR1 POINT 


Gravel Mining - Generator Sets 


POINT Gravel Mining - Pumps 


Blasting Emissions - Blasting Long Term Blasting Emissions 


Blasting Emissions - Blasting Short Term Blasting Emissions 


Diesel fueled heaters and boiler 


Gravel Roads Construction - Construction Heaters 


Gravel Roads Construction - Construction Shop Heaters Diesel fueled heaters and boiler 


Diesel tailpipe from non-road 


GRVLNMGS1 Gravel Roads Construction - Generator Sets equipment 
Diesel tailpipe from non-road 
ICERDNMGS1 POINT Seasonal Ice Road Construction - Generator Sets equipment 


ICERDNMP 
ICEPDNMGS1 
Multi-Season Ice Pad Construction - Pumps : 
VOLUME Multi-Season Ice Pad Construction - Nonroad Equipment 0.2 
POINT Multi-Season Ice Pad Construction - Generator Sets 0.1 


WOCMICEPDNMP_ | POINT Multi-Season Ice Pad Construction - Pumps 0.2 


Seasonal Ice Road Construction - Pumps 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


Single Season Ice Pad Construction - Generator Sets 


Single Season Ice Pad Construction - Pumps 


Multi-Season Ice Pad Construction - Nonroad Equipment 


Multi-Season Ice Pad Construction - Generator Sets 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
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Source 
Type 


GMSMICEPDNR VOLUME Multi-Season Ice Pad Construction - Nonroad Equipment 
GMICEPDNMGS1 POINT 


Source ID Source Description 


Multi-Season Ice Pad Construction - Generator Sets 


I ote — — 


NOx to 
NO2 
Ratio 


Diesel tailpipe from non-road 
0.2 equipment 


Diesel tailpipe from non-road 


Notes 


equipment 


GMSMICEPDNMP 
STCKPL 


FBROPHTR 


Multi-Season Ice Pad Construction - Pumps 


VOLUME 
POINT 


Stockpile Fugitive Dust - Stockpile 


Fiber Optic Line Installation - Construction Heaters 


FBROPNMGS1 Fiber Optic Line Installation - Generator Sets 

PIPHTR POINT 
PIPNMAC POINT | Pipeline Installation - Air Compressors 

PIPNMBR POINT Pipeline Installation - Bore/Drill Rigs 


0.2 
Borne! 


equipment 


Diesel tailpipe from non-road 


October 2022 


Diesel fueled heaters and boiler 


equipment 


equipment 


Diesel tailpipe from non-road 


Diesel tailpipe from non-road 


Diesel fueled heaters and boiler 
Diesel tailpipe from non-road 


equipment 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 


Diesel tailpipe from non-road 


Diesel tailpipe from non-road 


Diesel tailpipe from non-road 


Diesel tailpipe from non-road 


PIPNMGS1 POINT Pipeline Installation - Generator Sets 0.1 equipment 
PIPNMGS2 POINT Pipeline Installation - Generator Sets 0.1 equipment 
PIPNMGS3 POINT Pipeline Installation - Generator Sets equipment 
VSMNMBR POINT Vertical Support Member Construction - Bore/Drill Rigs 0.2 equipment 
HDDPE1 POINT Boring Equipment - Primary Power Engine #1 0.2 equipment 
HDDPE2 POINT Boring Equipment - Primary Power Engine #2 equipment 
HDDSE1 POINT Boring Equipment - Secondary Power Engine #1 equipment 
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Diesel tailpipe from non-road 


Diesel tailpipe from non-road 
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Source 


SourceID  — Source Description 
_ Type eee 


Diesel tailpipe from non-road 


HDDSE2 POINT Boring Equipment - Secondary Power Engine #2 0.2 Se 
Diesel tailpipe from non-road 
HDDMPE POINT Boring Equipment - Mud Pump Engine 0.2 equipment 
=| 4 cee tailpipe from non-road 
HDDTPE POINT Leealis Equipment - Transfer Pump Engine 0.2 equipment 
HDDB1 POINT Boring Equipment - Boiler #1 0.05 Diesel fueled heaters and boiler 
HDDB2 POINT Boring Equipment - Boiler #2 0.05 Diesel fueled heaters and boiler 
HDDH1_W POINT Boring Equipment - Heater #1 - West 0.1 Diesel fueled heaters and boiler 
HDDH1_E Boring Equipment - Heater #1 - East Sali Diesel fueled heaters and boiler 


Diesel fueled heaters and boiler 


HDDH2_W POINT Boring Equipment - Heater #2 - West 0.1 
HDDH2_E POINT Boring Equipment - Heater #2 - East 0.1 Diesel fueled heaters and boiler 
HDDWH_Ww POINT Boring Equipment - Water Heater - West 0.1 Diesel fueled heaters and boiler 
HDDWH_E POINT Boring Equipment - Water Heater - East On Diesel fueled heaters and boiler 
Diesel tailpipe from non-road 
HDDNMGE1 POINT Non-Mobile Support Equipment - Generator Sets 0.1 equipment 
Diesel tailpipe from non-road 
HDDNMGE2 POINT Non-Mobile Support Equipment - Generator Sets 0.1 


equipment ; 


Diesel tailpipe from non-road 
HDDNMGE3 POINT Non-Mobile Support Equipment - Generator Sets 0.1 equipment 


Diesel tailpipe from non-road 
| HODNMBGE1 POINT Non-Mobile Support Equipment - Backup Generator Sets 0.1 equipment 


Diesel tailpipe from non-road 


HDDNMBGE2 POINT Non-Mobile Support Equipment - Backup Generator Sets 0.1 equipment 


Diesel tailpipe from non-road 
HDDNMBGE3 POINT Non-Mobile Support Equipment - Backup Generator Sets 0.1 equipment 


Diesel tailpipe from non-road 


HDDNMAC1 POINT Non-Mobile Support Equipment - Air Compressors #1 0.1 equipment 
Diesel tailpipe from non-road | 

HDDNMAC2 POINT Non-Mobile Support Equipment - Air Compressors #2 0.1 equipment 
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Source 


Source ID Source Description 


Type 


October 2022 


WOCFACHTR1 


POINT Facilities Installation-WOC - Heaters 0.05 


WOCFACNMAC POINT Facilities Installation-WOC - Air Compressors 0.1 
WOCFACNR VOLUME Facilities Installation-WOC - Nonroad Equipment 0.2 
WOCFACNMGS1 POINT Facilities Installation-WOC - Generator Sets 0.1 
WOCFACNMGS2 POINT Facilities Installation-WOC - Generator Sets OR 


Diesel tailpipe from non-road 

HDDNROCE1 VOLUME Non-Mobile Support Equipment - Other Construction Equipment #1 equipment 
Diesel tailpipe from non-road 

EDENKOCE? VOLUME Non-Mobile Support Equipment - Other Construction Equipment #2 | 0.2 equipment 
Diesel tailpipe from non-road 

HDDNRC VOLUME Non-Mobile Support Equipment - Cranes equipment 
Diesel tailpipe from non-road 

WOCPWRGEN POINT Temporary Power Generation - Power Generation 0.1 equipment 
aoe. Diesel tailpipe from non-road 

WOCTEMPTRB POINT Temporary Power Generation - Power Generation Turbine 0.3 equipment 


Diesel fueled heaters and boiler 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 


Diesel fueled heaters and boiler 
Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


Aircraft 
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WOCFUGD VOLUME Construction Fugitive Dust-WOC - Wind Erosion Fugitive Dust - 
WCFFACHTR1 POINT Facilities Installation-WPF - Heaters 0.05 
WCFFACNMAC POINT Facilities Installation-WPF - Air Compressors 0.1 
WCFFACNMGS1 POINT Facilities Installation-WPF - Generator Sets 0.1 
WCFFACNMGS2 POINT Facilities Installation-WPF - Generator Sets OR 
WCFFUGD VOLUME Construction Fugitive Dust-WPF - Wind Erosion Fugitive Dust - 
WILLOWAIR1 AREAPOLY | Aircraft Activity (Willow Airstrip) - Release Height 50.8m 

WILLOWAIR2 AREAPOLY | Aircraft Activity (Willow Airstrip) - Release Height 152.4m 0.5 


Aircraft 
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: NOx to 
Source Description Eincsek NO2 Notes 
Ratio 


WILLOWAIR3 AREAPOLY | Aircraft Activity (Willow Airstrip) - Release Height 254m 0.5 


Diesel tailpipe from on-road 
2TAIL1 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 


Diesel tailpipe from on-road 


Source 


Source ID 
Type 


| wittowair3 | 
VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 

Diesel tailpipe from on-road 
VOLUME | Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 

Diesel tailpipe from on-road 
VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 

Diesel tailpipe from on-road 
VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 

Diesel tailpipe from on-road 
VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 


Diesel tailpipe from on-road 
2ICETAIL1 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 
hee. Diesel tailpipe from on-road 
2ICETAIL2 VOLUME vehicles 
Rae Diesel tailpipe from on-road 
2ICETAIL3 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 
eee ex 4 Diesel tailpipe from on-road 
2ICETAIL4 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 vehicles 
ed Diesel tailpipe from on-road 
3TAIL1 Mobile Support Equipment Tailpipe - BT3 0.15 vehicles 
Diesel tailpipe from on-road 
3TAIL2 VOLUME Mobile Support Equipment Tailpipe - BT3 0.15 vehicles 
Pie Diesel tailpipe from on-road 
3TAIL3 VOLUME Mobile Support Equipment Tailpipe - BT3 0.15 vehicles 
peer Diesel tailpipe from on-road 
3TAIL4 VOLUME Mobile Support Equipment Tailpipe - BT3 0.15 vehicles 


Diesel tailpipe from on-road 
3TAILS VOLUME Mobile Support Equipment Tailpipe - BT3 OMS vehicles 


Mobile Support Equipment Tailpipe - BT2 
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Source ID 


3TAIL6 


3TAIL7 


Source 


Type 


VOLUME 


VOLUME 


Source Description 


Mobile Support Equipment Tailpipe - BT3 


Mobile Support Equipment Tailpipe - BT3 


3ICETAIL1 


VOLUME 


Mobile Support Equipment Tailpipe - BT3 


Mobile Support Equipment Tailpipe - BT3 


Mobile Support Equipment Tailpipe - BT3 


Mobile Support Equipment Tailpipe - BT3 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


3ICETAIL2 VOLUME 
3ICETAIL3 VOLUME 
3ICETAIL4 VOLUME 
1TAIL1 VOLUME 
1TAIL2 VOLUME 
1TAIL3 VOLUME 
1TAIL4 VOLUME 
1TAIL5 VOLUME 
1TAIL6 VOLUME 
1TAIL7 VOLUME 
1TAIL8 VOLUME 
1TAIL9 VOLUME 
LICETAIL1 VOLUME 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


Mobile Support Equipment Tailpipe - BT1 


ee a ee A aed 


October 2022 


NOx to 
NO2 Notes 


Ratio 
Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 
vehicles 
Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 
0.15 vehicles 


Diesel tailpipe from on-road 
vehicles 
vehicles 


Diesel tailpipe from on-road 
OFS vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 


Diesel tailpipe from on-road 
0.15 vehicles 


Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 
O15 vehicles 


| Diesel tailpipe from on-road 


0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 
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Source ID 


Source 
Type 


Source Description 


October 2022 


Diesel tailpipe from on-road 


LICETAIL2 VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 vehicles 
Diesel tailpipe from on-road 

LICETAIL3 VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 vehicles 
Diesel tailpipe from on-road 

LICETAIL4 VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 vehicles 
Diesel tailpipe from on-road 

WOCTAIL1 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road 

weet VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road 

WOCTAIL3 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road 

WOCTAIL4 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 


WOCTAIL5 


WOCTAIL6 


VOLUME 


VOLUME 


Mobile Support Equipment Tailpipe - WOC 


Diesel tailpipe from on-road 
0.15 vehicles 


Mobile Support Equipment Tailpipe - WOC 


0.15 


Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 


WOCTAIL10 


WOCTAIL11 


VOLUME 
VOLUME 


WOCTAIL12 VOLUME 


Mobile Support Equipment Tailpipe - WOC 


WOCTAIL7 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road 
WOCTAIL8 VOLUME Mobile Support Equipment Tailpipe - WOC vehicles 
Diesel tailpipe from on-road 
WOCTAILS VOLUME Mobile Support Equipment Tailpipe - WOC | vehicles 


Diesel tailpipe from on-road 7 
vehicles 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Diesel tailpipe from on-road 
vehicles 
Diesel tailpipe from on-road 
vehicles 
Diesel tailpipe from on-road 


WOCTAIL13 VOLUME 
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Source 
Type 


WOCTAIL14 VOLUME 


Source ID 


Source Description 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


October 2022 


Diesel tailpipe from on-road 
vehicles 


Diesel tailpipe from on-road 
vehicles 


Mobile Support Equipment Tailpipe - WOC 


Diesel tailpipe from on-road 
vehicles 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Diesel tailpipe from on-road 
vehicles 
Diesel tailpipe from on-road 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


WOCTAIL15 VOLUME 
WOCTAIL16 VOLUME | 
WOCTAIL17 VOLUME 
WOCTAIL19 VOLUME 
WOCTAIL20 VOLUME 
WOCTAIL21 VOLUME 
WOCTAIL22 VOLUME | 
WOCTAIL23 VOLUME 
WOCTAIL24 VOLUME 


WOCTAIL25 VOLUME 


WOCTAIL26 VOLUME 


WOCTAIL27 VOLUME 
WOCTAIL28 VOLUME 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


Mobile Support Equipment Tailpipe - WOC 


0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 

Diesel tailpipe from on-road 
0.15 vehicles 


Mobile Support Equipment Tailpipe - WOC 


WOCTAIL29 VOLUME 


Mobile Support Equipment Tailpipe - WOC 


Diesel tailpipe from on-road 
vehicles 
Diesel tailpipe from on-road 
vehicles 
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Source 


Source ID Source Description 
Type 


Diesel tailpipe from on-road 
WOCTAIL30 VOLUME Mobile Support Equipment Tailpipe - WOC ss 0.15 vehicles 
aie | Diesel tailpipe from on-road a 
WOCTAIL31 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
4 Diesel tailpipe from on-road 
WOCTAIL32 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles | 
nine Diesel tailpipe from on-road 
| wocrau3s VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road : 
Rwocceral VOLUME Mobile Support Equipment Tailpipe - WOC = 0.15 vehicles 
ae Diesel tailpipe from on-road 
WOCICETAIL2 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 vehicles 
Diesel tailpipe from on-road 
WOCICETAIL3 VOLUME badasll Support Equipment Tailpipe - WOC 0.15 vehicles 
aI aE Diesel tailpipe from on-road 
| WOCICETAIL4 VOLUME Mobile Support Equipment Tailpipe - WOC 0.15 cee 
Diesel tailpipe from on-road 
WCFTAIL1 _| vouume Mobile Support Equipment Tailpipe - WCF jos vehicles 
ai Diesel tailpipe from on-road 
WCFTAIL2 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles | 
Diesel tailpipe from on-road 
ela VOLUME | Mobile Support Equipment Tailpipe - WCF 0.15 vehicles =, 4 
Diesel tailpipe from on-road 
WCFTAIL4 VOLUME Mobile Support Equipment Tailpipe - WCF ie vehicles 
Diesel tailpipe from on-road 
WCFTAIL5 VOLUME Mobile Support Equipment Tailpipe - WCF poss vehicles 
al Diesel tailpipe from on-road 
WCFTAIL6 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
ie Diesel tailpipe from on-road 
WCFTAIL7 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles ] 
Diesel tailpipe from on-road 
WCFTAIL8 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles ol 
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Source ID 


October 2022 


NOx to 


SOUIEE 2 Source Description eee NO2 __ Notes 


Type Ratio 


Diesel tailpipe from on-road 
WCFTAIL9 VOLUME Mobile Support Equipment Tailpipe - WCF : vehicles 


0.15 
Diesel tailpipe from on-road 
WCFTAIL10 Mobile Support Equipment Tailpipe - WCF vehicles 
Diesel tailpipe from on-road 
WCFTAIL11 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Nes stor ciepncti isle cr 2 S| os Nar 
WCFTAIL13 Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Geiieed Weesseitaatetie wor yee [eae ee 
WCFTAIL14 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
freee 
WCFTAIL15 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
cee ac 
WCFTAIL16 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
WCFTAIL17 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Diesel tailpipe from on-road 
ounce VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Diesel tailpipe from on-road 
WCFTAIL19 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Diesel tailpipe from on-road 
Diesel tailpipe from on-road 
WCFICETAIL2 VOLUME Mobile Support Equipment Tailpipe - WCF vehicles 
Diesel tailpipe from on-road 
WCFICETAIL3 VOLUME | Mobile Support Equipment Tailpipe - WCF 0.15 
Diesel tailpipe from on-road 
WCFICETAIL4 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 vehicles 
Diesel tailpipe from on-road 
MINETAIL1 VOLUME Mobile Support Equipment Tailpipe - MINE 0.15 vehicles 
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Source ID 


Source 


D e e m 
Type Source peueuon 


October 2022 


' Notes 


Diesel tailpipe from on-road 
vehicles 


MINETAIL2 Mobile Support Equipment Tailpipe - MINE 

Diesel tailpipe from on-road 
MINETAIL3 VOLUME Mobile Support Equipment Tailpipe - MINE vehicles 

Diesel tailpipe from on-road 
MINETAIL4 VOLUME Mobile Support Equipment Tailpipe - MINE vehicles 


1MFUGD1 
1MFUGD2 


VOLUME 
VOLUME | Mobile Support Equipment Fugitive Dust - BT1 


Mobile Support Equipment Fugitive Dust - BT1 


eae ee oe 
| Saas ema 
1IMFUGD3 VOLUME | Mobile Support Equipment Fugitive Dust - BT1 Eee 
1MFUGD4 VOLUME Mobile Support Equipment Fugitive Dust - BT1 Lea | 
1MFUGD5 Mobile Support Equipment Fugitive Dust - BT1 —————— 
1MFUGD6 VOLUME Mobile Support Equipment Fugitive Dust - BT1 
1MFUGD7 VOLUME Mobile Support Equipment Fugitive Dust - BT1 ES eee ee ee 
1MFUGD8 VOLUME Mobile Support Equipment Fugitive Dust - BT1 eee Sete oe eae 
1MFUGD9 VOLUME Mobile Support Equipment Fugitive Dust - BT1 Paes 
2MFUGD1 Mobile Support Equipment Fugitive Dust - BT2 - Fae eee 
2MFUGD2 VOLUME Mobile Support Equipment Fugitive Dust - BT2 | - ba ae ee 
2MFUGD3 VOLUME Mobile Support Equipment Fugitive Dust - BT2 - - 
2MFUGD4 VOLUME Mobile Support Equipment Fugitive Dust - BT2 - - ; 
2MFUGD5 VOLUME Mobile Support Equipment Fugitive Dust - BT2 Pee Ea 
2MFUGD6 VOLUME Mobile Support Equipment Fugitive Dust - BT2 - - 
3MFUGD1 Mobile Support Equipment Fugitive Dust - BT3 - - 
3MFUGD2 Mobile Support Equipment Fugitive Dust - BT3 - - 
3MFUGD3 VOLUME Mobile Support Equipment Fugitive Dust - BT3 - - 
3MFUGD4 VOLUME | Mobile Support Equipment Fugitive Dust - BT3 - - 


3MFUGD5 VOLUME Mobile Support Equipment Fugitive Dust - BT3 
3MFUGD6 VOLUME Mobile Support Equipment Fugitive Dust - BT3 - 
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Source ID source Source Description 
Type 


3MFUGD7 VOLUME Mobile Support Equipment Fugitive Dust - BT3 
WCFMFUGD1 VOLUME Mobile Support Equipment Fugitive Dust - WCF 
WCFMFUGD2 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


WCFMFUGD3 VOLUME Mobile Support Equipment Fugitive Dust - WCF 
WCFMFUGD4 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


Notes 


Ratio 


WCFMFUGD6 VOLUME Mobile Support Equipment Fugitive Dust - WCF 
WCFMFUGD7 VOLUME Mobile Support Equipment Fugitive Dust - WCF 
WCFMFUGD8 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


WCFMFUGD9 VOLUME Mobile Support Equipment Fugitive Dust - WCF - 
WCFMFUGD10 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


WCFMFUGD11 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


WCFMFUGD12 VOLUME Mobile Support Equipment Fugitive Dust - WCF 
WCFMFUGD13 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


WCFMFUGD5 VOLUME Mobile Support Equipment Fugitive Dust - WCF 


| 


= 
Ea 
peers 
WCFMFUGD14 VOLUME Mobile Support Equipment Fugitive Dust - WCF eee 
WCFMFUGD15 VOLUME Mobile Support Equipment Fugitive Dust - WCF mere e| 
WCFMFUGD16 VOLUME Mobile Support Equipment Fugitive Dust - WCF eae | 
WCFMFUGD17 VOLUME Mobile Support Equipment Fugitive Dust - WCF - 
WCFMFUGD18 VOLUME Mobile Support Equipment Fugitive Dust - WCF - 
WCFMFUGD19 VOLUME | Mobile Support Equipment Fugitive Dust - WCF a 
WOCMFUGD1 VOLUME Mobile Support Equipment Fugitive Dust - WOC - 
WOCMFUGD2 VOLUME Mobile Support Equipment Fugitive Dust - WOC - 
| WOCMFUGD3 votume | Mobile Support Equipment Fugitive Dust - WOC | - 
WOCMFUGD4 VOLUME Mobile Support Equipment Fugitive Dust - WOC — 
WOCMFUGD5 VOLUME Mobile Support Equipment Fugitive Dust - WOC - 
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Source ID 


Source 
Type 


Source Description 


Mobile Support Equipment Fugitive Dust - WOC 


WOCMFUGD6 VOLUME 
WOCMFUGD7 VOLUME | 


Mobile Support Equipment Fugitive Dust - WOC 


VOLUME Mobile Support Equipment Fugitive Dust - WOC 


October 2022 


- NOx to 
NO2 
Ratio 


VOLUME | Mobile Support Equipment Fugitive Dust - WOC Pee Pe 


WOCMFUGD8 VOLUME | Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD9 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD10 | VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD11 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD12 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD13 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD14 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD15 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD16 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD17 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD18 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD19 

WOCMFUGD20 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD21 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD22 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD23 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD24 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD25 

WOCMFUGD26 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD27 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD28 VOLUME Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD29 Mobile Support Equipment Fugitive Dust - WOC 
WOCMFUGD30 Mobile Support Equipment Fugitive Dust - WOC 
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Source 


Source ID 
Type 


VOLUME 
VOLUME 
VOLUME 


2GRVLNR1 VOLUME 
2GRVLNR2 VOLUME 
2GRVLNR3 VOLUME 


Source Description 


Mobile Support Equipment Fugitive Dust - WOC 


Mobile Support Equipment Fugitive Dust - WOC 


Mobile Support Equipment Fugitive Dust - WOC 


Mobile Support Equipment Fugitive Dust - MINE 


Mobile Support Equipment Fugitive Dust - MINE 


Mobile Support Equipment Fugitive Dust - MINE 


Mobile Support Equipment Fugitive Dust - MINE 


Gravel Roads Construction - BT2 Nonroad Equipment 


Gravel Roads Construction - BT2 Nonroad Equipment 


October 2022 


Diesel tailpipe from non-road 
0.2 equipment 


Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 


Gravel Roads Construction - BT2 Nonroad Equipment 0.2 
VOLUME | Gravel Roads Construction - BT2 Nonroad Equipment OF 
Gravel Roads Construction - BT3 Nonroad Equipment OZ 
3GRVLNR2 VOLUME Gravel Roads Construction - BT3 Nonroad Equipment 0.2 
3GRVLNR3 VOLUME Gravel Roads Construction - BT3 Nonroad Equipment 0.2 
3GRVLNR4 Gravel Roads Construction - BT3 Nonroad Equipment 0.2 
ICEPDNRHCE VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 
ICEPDNROS1 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 
ICEPDNROS2 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
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Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
0.2 equipment 


Diesel tailpipe from non-road 
equipment 
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NOx to 
Source 


Source ID Source Description ee : -NO2 Notes 
Type : 


=f Ratio 


Diesel tailpipe from non-road 
ICEPDNROS3 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 


ICEPDNROS4 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS5 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS7 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS8 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS9 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Or equipment 
Diesel tailpipe from non-road 

ICEPDNROS10 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS11 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS12 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS13 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment é 

Diesel tailpipe from non-road 

ICEPDNROS14 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS15 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNROS16 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 

ICEPDNROS17 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Pas Diesel tailpipe from non-road 

ICEPDNROS18 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
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Source 


Source ID Source Description 
Type 


Diesel tailpipe from non-road 
ICEPDNROS19 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 2 Neg dips 
ile Diesel tailpipe from non-road 
ICEPDNROS20 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
=| Diesel tailpipe from non-road 
EPDM ROS? VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
=a Diesel tailpipe from non-road 
ICEPDNROS22 Bi: VOLUME Single Season Ice Pad Construction - Nonroad Equipment o4 equipment 
Diesel tailpipe from non-road 
ICEPDNROS23 | votume Single Season Ice Pad Construction - Nonroad Equipment = 0.2 equipment 
Diesel tailpipe from non-road 
| ICEPDNROS24 = VOLUME Single Season Ice Pad Construction - Nonroad Equipment _| 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNROS25 ‘| votume Single Season Ice Pad Construction - Nonroad Equipment | 0.2 equipment 
zo | Diesel tailpipe from non-road 
L ICEPDNROS26 VOLUME seule Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
pCERDNROS 2: VOLUME Single Season Ice Pad Construction - Nonroad Equipment {0.2 equipment 
ea | Diesel tailpipe from non-road 
pee EN OScE VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
= I Diesel tailpipe from non-road 
ICEPDNROS29 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Ry. 0.2 equipment 
= Diesel tailpipe from non-road | 
ICEPDNROS30 VOLUME Single Season Ice Pad Construction - Nonroad Equipment aie: - equipment 
Diesel tailpipe from non-road 
ICEPDNROS31 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
& Diesel tailpipe from non-road | 
ICEPDNROS32 VOLUME Single Season Ice Pad Construction - Nonroad Equipment | 0.2 equipment | 
Diesel tailpipe from non-road 
ICEPDNROS33 VOLUME <i Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment “iy 
Diesel tailpipe from non-road 
ICEPDNROS34 | VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 ml equipment | 
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' NOx to 


Source ID soulre Source Description NO2 Notes 


HVBE Ratio 


hoes ee | 
ICEPDNROS35 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 

Pale 
ICEPDNROS36 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
ICEPDNROS37 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Secale, >| Diesel tailpipe from non-road 
ICEPDNROS38 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Oz equipment 

| Diesel tailpipe from non-road 
ICEPDNROS39 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
0.2 equipment 
Diesel tailpipe from non-road 


ICEPDNROS40 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNROS41 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 

Diesel tailpipe from non-road 
ICEPDNROS42 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
ICEPDNROS43 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 

Diesel tailpipe from non-road 
ICEPDNRIOS1 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
ICEPDNRIOS2 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
ICEPDNRIOS3 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
ICEPDNRIOS4 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
equipment 


0.2 
Diesel tailpipe from non-road 
ICEPDNRIOS6 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


ICEPDNRIOS5 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road 
ICEPDNRIOS7 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment equipment 
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Source ID sourse Source Description 
d Type 
Diesel tailpipe from non-road 
ICEPDNRIOS8& VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
| Diesel tailpipe from non-road 
ICEPDNRIOS9 VOLUME Single Season Ice Pad Construction - Nonroad Equipment ue: equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS10 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment | 0.2 = equipment 
Diesel tailpipe from non-road 
PcEPENRIOSEE VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Ss Diesel tailpipe from non-road 
ICEPDNRIOS12 | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
| ICEPDNRIOS13 VOLUME Single Season Ice Pad Construction - Nonroad Equipment +3 ‘ equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS14 4 VOLUME + Siete Season Ice Pad Construction - Nonroad Equipment 1 equipment 
Diesel tailpipe from non-road 
pee DE RIOS VOLUME palligle Season Ice Pad Construction - Nonroad Equipment wee equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS16 VOLUME Single Season Ice Pad Construction - Nonroad Equipment ei 0.2 equipment 
= | Diesel tailpipe from non-road 
| ICEPDNRIOS17 VOLUME poingle Season Ice Pad Construction - Nonroad Equipment | 0.2 | equipment 
Diesel tailpipe from non-road | 
ICEPDNRIOS18 VOLUME a Single Season Ice Pad Construction - Nonroad Equipment S| 0.2 equipment = 
Diesel tailpipe from non-road 
ICEPDNRIOS19 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 =H equipment | 
=i Diesel tailpipe from non-road 
ICEPDNRIOS20 | VOLUME - Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment | 
Diesel tailpipe from non-road 
ICEPDNRIOS21 ee Single Season Ice Pad Construction - Nonroad Equipment = equipment 4 
Diesel tailpipe from non-road 
ICEPDNRIOS22 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS23 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 ‘| equipment | 
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Source ID eoulce Source Description ’ Notes 
Type 
Diesel tailpipe from non-road 
ICEPDNRIOS24 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS25 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS26 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS27 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS28 VOLUME _ | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Fao Diesel tailpipe from non-road 
ICEPDNRIOS29 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS30 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS31 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS32 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS33 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS34 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS35 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


ICEPDNRIOS36 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRIOS37 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRIOS38 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRIOS39 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
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Source ID 


Source 
Type 


Source Description 


October 2022 


Diesel tailpipe from non-road 
ICEPDNRIOS40 VOLUME Single Season Ice Pad Construction - Nonroad Equipment seus mee) equipment 
Diesel tailpipe from non-road 
ICEPDNRIOS41 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment = 
Diesel tailpipe from non-road 
ICEPDNRIOS42 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
ale Diesel tailpipe from non-road 
ICEPDNRIOS43 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road =e 
ICEPDNRPIP1 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP2 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP3 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Le equipment 
= Diesel tailpipe from non-road 
ICEPDNRPIP4 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
_ICEPONRPIPS VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 | sauipment 
Diesel tailpipe from non-road 
ICEPDNRPIP6 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP7 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP8 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 4 
Diesel tailpipe from non-road 
ICEPDNRPIP9 VOLUME Single Season Ice Pad Construction - Nonroad Equipment |0.2 equipment oh 
I Diesel tailpipe from non-road 
ICEPDNRPIP10 VOLUME Single Season Ice Pad Construction - Nonroad Equipment OZ equipment Sal 
Diesel tailpipe from non-road 
ICEPDNRPIP11 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP12 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment | 
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urce et 
Source ID oe Pours Source Description 


_ Type 


ICEPDNRPIP13 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRPIP14 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 


VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 


ICEPDNRPIP15 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNRPIP17 Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNRPIP18 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

ICEPDNRPIP19 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


ICEPDNRPIP20 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
eros 
ICEPDNRPIP21 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 


ICEPDNRPIP22 VOLUME Single Season Ice Pad Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP23 VOLUME Single Season Ice Pad Construction - Nonroad Equipment : equipment 
Diesel tailpipe from non-road 
Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road 


ICEPDNRPIP25 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP26 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
ICEPDNRPIP27 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 
ICEPDNRPIP28 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
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Source 


Source ID Source Description 
Type 


Diesel tailpipe from non-road 


ICEPDNRPIP29 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
ly Diesel tailpipe from non-road 
ICEPDNRPIP30 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
ai Diesel tailpipe from non-road 
ICEPDNRPIP31 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment (eee 
= Bane tailpipe from non-road 
ICEPDNRPIP32 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
ae tailpipe from non-road 
ICEPDNRPIP33 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP34 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP35 VOLUME Single Season Ice Pad Construction - Nonroad Equipment a 2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP36 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
ae Diesel tailpipe from non-road 
ICEPDNRPIP37 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Or equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP38 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
i Diesel tailpipe from non-road 
ICEPDNRPIP39 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
= Diesel tailpipe from non-road 
ICEPDNRPIP40 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP41 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
ICEPDNRPIP42 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road “yj 
ICEPDNRPIP43 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 equipment 
; =e Diesel tailpipe from Ore nacaan| 
| ICEPDNRHDD1 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 cient 
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Source ID 


Source 


Type 


Source Description 


October 2022 


Diesel tailpipe from non-road 

| ICEPDNRHDD2 VOLUME Single Season Ice Pad Construction - Nonroad Equipment | o2 equipment 
Diesel tailpipe from non-road 

ICERDNR1 VOLUME ae Ice Road Construction - Nonroad Equipment 0.2 eeeaiae a 

af Diesel tailpipe from non-road 

ICERDNR2 VOLUME Seasonal Ice Road Construction - Nonroad Equipment 0.2 oe 
Diesel tailpipe from non-road 

ICERDNR3 VOLUME Seasonal Ice Road Construction - Nonroad Equipment = equipment 
rs Diesel tailpipe from non-road 

ICERDNR4 VOLUME eeoan Ice Road Construction - Nonroad Equipment 1B equipment 
Diesel tailpipe from non-road 

PIPNR1 VOLUME Pipeline Installation - Nonroad Equipment 0.2 __| equipment 
bee Diesel tailpipe from non-road 

PIPNR2 VOLUME Pipeline Installation - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

PIPNR3 VOLUME | Pipeline Installation - Nonroad Equipment equipment 

Diesel tailpipe from non-road | 

PIPNR4 VOLUME Pipeline Installation - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

VSMNR1 VOLUME Vertical Support Member Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

VSMNR2 VOLUME | Vertical Support Member Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

VSMNR3 VOLUME Vertical Support Member Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

VSMNR4 VOLUME Vertical Support Member Construction - Nonroad Equipment equipment 
Diesel tailpipe from non-road 

FBROPNR1 VOLUME | Fiber Optic Line Installation - Nonroad Equipment sieretee 
Diesel tailpipe from non-road 

FBROPNR2 VOLUME Fiber Optic Line Installation - Nonroad Equipment equipment 
ae Diesel tailpipe from non-road 


FBROPNR3 


VOLUME 


_| Fiber Optic Line Installation - Nonroad Equipment 
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NOx to 


Source ID pource Source Description NO2 Notes 


aype Ratio — 


FBROPNR4 VOLUME 


Diesel tailpipe from non-road 
equipment 


0.2 


Fiber Optic Line Installation - Nonroad Equipment 


Diesel tailpipe from non-road 

2PADNR1 VOLUME BT2 - Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

2PADNR2 VOLUME BT2 - Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

2PADNR3 VOLUME BT2 - Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

2PADNR4 VOLUME BT2 - Pad Construction - Nonroad Equipment 0.2 equipment 
Pian Feed Diesel tailpipe from non-road 

3PADNR1 VOLUME BT3 - Pad Construction - Nonroad Equipment 0.2 equipment 
eee Diesel tailpipe from non-road 

3PADNR2 VOLUME BT3 - Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

3PADNR3 VOLUME BT3 - Pad Construction - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 

3PADNR4 VOLUME BT3 - Pad Construction - Nonroad Equipment 0.2 equipment 


Diesel tailpipe from non-road 


MINENR1 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
MINENR2 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
MINENR3 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 


MINENR4 VOLUME Gravel Mining - Nonroad Equipment 


0.2 
Diesel tailpipe from non-road 
MINENR5 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
MINENR6 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 
0.2 


equipment 


E 


Diesel tailpipe from non-road 
equipment 


a ee 


MINENR7Z VOLUME Gravel Mining - Nonroad Equipment 
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Source 


Source ID 
Type 


Source Description 


October 2022 


Ratio 


Diesel tailpipe from non-road 


MINENR8 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
MINENR9 VOLUME Gravel Mining - Nonroad Equipment 0.2 equipment 

Diesel tailpipe from non-road 
2PADOHT1 VOLUME BT2 - Pad Construction - Off Highway Trucks equipment 

Diesel tailpipe from non-road 


2PADOHT3 VOLUME BT2 - Pad Construction - Off Highway Trucks 
2PADOHT4 VOLUME BT2 - Pad Construction - Off Highway Trucks 
3PADOHT1 VOLUME BT3 - Pad Construction - Off Highway Trucks 


Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 
Diesel tailpipe from non-road 
equipment 


0.2 


3PADOHT3 VOLUME BT3 - Pad Construction - Off Highway Trucks 
3PADOHT4 VOLUME BT3 - Pad Construction - Off Highway Trucks 
2GRVLOHT1 VOLUME Gravel Roads Construction - Off Highway Trucks 


2GRVLOHT2 VOLUME Gravel Roads Construction - Off Highway Trucks 


Diesel tailpipe from non-road 
equipment 


Diesel tailpipe from non-road 
equipment 


0.2 

Diesel tailpipe from non-road 

2GRVLOHT3 VOLUME Gravel Roads Construction - Off Highway Trucks 0.2 equipment 
Diesel tailpipe from non-road 

2GRVLOHT4 VOLUME Gravel Roads Construction - Off Highway Trucks 0.2 equipment 

153s apn aaa 

3GRVLOHT1 VOLUME Gravel Roads Construction - Off Highway Trucks 0.2 equipment 
Paes Diesel tailpipe from non-road 

3GRVLOHT2 VOLUME Gravel Roads Construction - Off Highway Trucks @2 equipment 
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Source ID 


Source 
Type 


Source Description 


in i ee A ee es 


October 2022 


Diesel tailpipe from non-road 


3GRVLOHT3 Zou Gravel Roads Construction - Off Highway Trucks 0.2 equipment | 
4) I Diesel tailpipe from non-road 
3GRVLOHT4 VOLUME Gravel Roads Construction - Off Highway Trucks 0.2 equipment = 
Diesel tailpipe from non-road 
MINEOHT1 VOLUME Gravel Mining - Off Highway Trucks 0.2 equipment | 
[ tice =) Diesel tailpipe from non-road 
| MINEOHT2 poe Gravel Mining - Off Highway Trucks a equipment ve 
Diesel tailpipe from non-road 
MINEOHT3 sO EUMESSy Gravel Mining - Off Highway Trucks a equipment 
L Diesel tailpipe from non-road 
-Mineonta VOLUME _| Gravel Mining - Off Highway Trucks Ge equipment Zs 
Diesel tailpipe from non-road 
| MINEOHTS VOEIME Gravel Mining - Off Highway Trucks ae 0.2 equipment 
lepiese) tailpipe from non-road 4 
MINEOHT6 | VOLUME Gravel Mining - Off Highway Trucks 0.2 peed uipiney 
Diesel tailpipe from non-road a 
MINEOHT7 VOLUME eeolavel Mining - Off Highway Trucks 0.2 | equipment = 
| Diesel tailpipe from non-road 
MINEOHT8 VOLUME Gravel Mining - Off Highway Trucks 0.2 equipment ZI 
Diesel tailpipe from non-road 
MINEOHT9 VOLUME crave! Mining - Off Highway Trucks _ iL 0.2 equipment 
Diesel tailpipe from non-road 
WCFFACNR1 _| votume Facilities Installation-WPF - Nonroad Equipment Bee equipment =F) 
| Diesel tailpipe from non-road 
WCFFACNR2 | VOLUME Facilities Installation-WPF - Nonroad Equipment 0.2 equipment 
Diesel tailpipe from non-road 
| WCFFACNR3 VOLUME Facilities Installation-WPF - Nonroad Equipment 0.2 __ [| equipment | 
Diesel tailpipe from non-road 
WCFFACNR4. oo Facilities Installation-WPF - Nonroad Equipment 0.2 equipment za 
r = Stationary Combustion Sources - WCF Internal Combustion 4 WCF - Non-mobile Support 
| WLW2GEN __| POINT _| Equipment Non-Road Engines >140 HP a __| Equipment 
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Table 1.1-2. Alternative E Near-field Model Scenario 1 Emissions Stack Parameters 


Release Diameter Exit Release Sigma Y 


Source ID ae fa ater Height (m) Velocity Temperature (m) 
aw) (m/s) (K) 
1FACHTR1 POINT 2.7432 12.2 0.94 Dal/ 58) Ls - 
1FACNMAC POINT 2.7432 A3}3} 0.4 10.5 614 = - 
1FACNR VOLUME 2.7432 3.66 4 - _|- = 26.74419 | 3.38 
0.46 154 “| 795 | - - 


1FACNMGS1 POINT 2.7432 6.1 5 : 

cnc POINT 2.7432 _[ss 0.2 [47 761 - 

1PIPHTR1 POINT | 2.1336 1?) aie De EE a = 

cena POINT bore Ee + 0.4 10.5 a : - 
AT 


| 1PIPNR VOLUME 432 __ | 3.66 : 
1PIPNMBR POINT 2.1336 | 13.3 0.4 10.5 614 : ee 


aaa POINT DCN | Be 0.46 = doa 795 BE : 
LPIPNMGS2___| POINT | 2.1336 6.5 0.2 ge : “JE 

| 1PIPNMGS3 __[ Point ease 6.5 0.2 a7 761 a= : 

| 1VSMNR VOLUME ee 3.66 ac - =e 26.74419 | 3.38 
1VSMNMBR =| POINT zi 2.7432 [13.3 a 10.5 614 2 ie 
1FUGD VOLUME | 2.7432 _| 3.66 - - - J 26.74419 | 3.38 
2PADHTR1 Seite whe ie 0.94 tsa _| 529 - [= 
2PADSHTR1 POINT 274329 22 0.94 Be 529 a : 
2PADNMGS1 —_[rowr eae Les __ | 02 47 _ [761 : ae 
2FUGD VOLUME | 2.7432 _| 3.66 : - - ~ | 26.74419 3.38 


3PADHTR1 POINT 2.7432 12.2 [0.94 5.7 | s29 ; : ‘i 
= POINT i 


3PADSHTR1 2.7432 2 0.94 5.7 529 = + 
3PADNMGS1 POINT ae 6.5 oe 0.2 47 = 


Faruep VOLUME 3.6576 3.66 = - t 26.74419 | 3.38 
ALPAIR1 AREAPOLY | 2.9 50.8 > = = se 23.63 


ALPAIR2 -[AREAPOLY | 2.9 | 152.4 | - = | = : 23.63 
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; Release reas “Exit Release poe 

Source Elevation ; Diameter Sigma Z 

Type (m) Height im) | Velocity Temperature Kes (m) : 
_(m) (m/s) (K) 


Source ID 


BLASTANN VOLUME 


ALPAIR3 23.63 
BDGHTR2 POINT 2.1336 : 
BDGNMACI 
BDGNMAC2 
BDGNR VOLUME 3.38 
BDGNMBR POINT : 
BDGNMGS1 POINT 2.1336 : = 
BDGNMGS2 POINT 2.1336 : 
MINENMAC POINT 0 

MINENMBR POINT 0 

MINENMGS1 POINT 0 

MINENMP EOIN aaa (Oat 


BLASTHR VOLUME 
GRVLHTR1 POINT | 
GRVLNMGS1 POINT 
ICERDNMGS1 POINT 6.5 0.2 Canes 
ICERDNMP POINT 0.4 Ss 
ICEPDNMGS1 POINT 47 — 
10.5 
3.66 | - 
IMICEPDNMGS1_ | POINT 3.048 6.5 0.2 761 - - 
1MICEPDNMP POINT 3.048 1333 0.4 10.5 614 - - 
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Source — Elevation Wb Diameter eet Re leaee SigmaY  SigmaZ 


Source ID Height Velocity Temperature 
Type : ee any (m/s) «Ky (m) an 


WOCMICEPDNR VOLUME 2.1336 3.66 
WMICEPDNMGS1 | POINT 3.048 6.5 
WOCMICEPDNMP | POINT 3.048 13), 
GMSMICEPDNR VOLUME 2.1336 3.66 


fo 

0 
| GMICEPDNMGS1_| POINT 3.048 6.5 + 47 | 761 | - 
une ee POINT 3.048 i383 0.4 Bite 614 - 


; - 32558145/13.500 eal 
=a 


ais 

ine 
vf 

2 


WwW 
| 
NO 
© 
We) 
ie 
WwW 
Ww 
(oe) 


Ia 


| 21. CANA Seen al leigh 


1 

1 
aS 
fe) 
on 
= 
xy 
(ep) 
ak 
Ww 
Ww 
(oe) 


HC CC CCD 


oI 
ates ACIS aa ae 


STCKPL VOLUME 2: 


FBROPHTR POINT BABIES : - 
| FBROPNMGS1 POINT 2.1336 ee cer ed 795 = 


| FBROPNMGS2 POINT | 2.1336 : 
| PIPHTR | POINT 2.1336 =| 12.2 + 0.94 =| 57 a 529 
PIPNMAC POINT a 


PIPNMBR POINT 2138625 (133 0.4 Taos 614 - 
| PIPNMGS1 POINT 21336 an |G 0.46 i ils 795 : 
ale _[o2 | 761 


| PIPNMGS2 POINT 2.1336 6.5 47 ane 
PIPNMGS3 | point 2.1336 _[65 a a, = 761 = 
VSMNMBR POINT esi 2.1336 1353 0.4 10.5 614 ak = 
HDDPE1 POINT eS 133 pos 10.5 [614 
HDDPE2 POINT ice 13.3: 0.4 | 10.5 614 


HDDSE2 POINT zal 1:5 ee ee [105 _| 614 
0.13 


HDDSE1 POINT 15 “| a3. toa 10.5 | 614 = 


HDDMPE POINT 1.5 10.4 | 43.5 750 4 - 
| HDDTPE POINT ie 10.4 0.13 43.5 =i 750 - 
HDDB1 POINT 1.5 iiee 0.279 peng 450 | - 
HDDB2 POINT | (sees ae1t9 | 0.279 eli 1 450 ais |- | 
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Release lose ae Release 
Height ' Velocit Temperature 
Type — (m) tial. - (m) (m/s) : (kK) i : 


Source Elevation Diameter 


Source ID 


HDDNMBGE3 POINT 
HDDNMAC1 POINT 


HDDNMAC2 POINT 5) 


ioe Es 
toy, Ge ea SE 
1.5 10.5 0.3 3.2 533 : : 
POINT 1.5 | 10.5 0.3 3.2 | 533 : - 
POINT 1.5 10.5 0.3 3.2 533 - - 
i Sie Oe - 
if ae : Fecaoeare 
LS 
15 
15 6.1 0.46 : 
HDDNMBGE2 POINT 1.5 6.1 0.46 : : 
1.5 
1.5 


eS ieee ieee 
. aa 
i ene : 19.76744 | 8.7 


HDDNROCE1 1.5 

HODNROCE2 En Fs 
HDDNRC 0 
WOCPWRGEN POINT 3.048 8.6 0.3 20 760 —— : 
WOCTEMPTRB _| POINT 3.048 25 550 : 


WOCFACHTR1 POINT 3.048 12.2 


WOCFACNMAC 3.048 1353 
WOCFACNR VOLUME 3.048 3.66 
WOCFACNMGS1 POINT 3.048 (5), AL 


WOCFACNMGS2 POINT 3.048 6.5 
WOCFUGD VOLUME 3.048 3.66 


tose oes a) oan 
614 Beta Ee a 
: 
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Source Elevation Release Diameter eat 5 Rees SigmaY  SigmaZ 
Height Velocity Temperature (m) 


Type (m) (m) (m) (m/s) (K) (i) 


WCFFACHTR1 ee 
WCFFACNMAC 0.4 
7 fsdees cs ees | 


Source ID 


WCFFACNMGS1 
WCFFACNMGS2 0 
werrusD | volume | 3.05 [366 |= | 
wittowair1 | areapoty|29 [508 | - | 
wittowain2 | areapoty|2.9 | 1524 | - | 
wiLtowairs | areapouy|2.9 [254 | 
2TALt jvouume | 2.1336 [366 [= 


N 


37.2093 | 3.38 
23.63 
23.63 
23.63 
14.17674 | 3.38 


: 14.17674 | 3.38 
3.38 
14.17674 | 3.38 
3.38 
3.38 
3.38 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


3.38 
3.38 
3.38 
3.38 


14.17674 | 3.38 
14.17674 | 3.38 


2TAIL2 3.66 
2TAIL3 3.66 
2TAILA 
2TAILS 
2TAILE 
2ICETAILA 


2ICETAIL2 
2ICETAIL3 VOLUME 
2ICETAIL4 VOLUME 
3TAIL1 VOLUME | 2.1336 _| 3.66 

3TAIL2 VOLUME 
3TAILS VOLUME 
3TAIL6 VOLUME 
3TAIL7 VOLUME 
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Elevation’ °°*S* | piameter Release 


Sigma Y Sigma Z 
(m)  — (m) 


Source ID Height Velocity Temperature 


im) (m) 


3ICETAIL1 VOLUME | 2.1336 | 3.66 14.17674 | 3.38 
3ICETAIL2 VOLUME | 2.1336 | 3.66 
3ICETAIL3 VOLUME | 2.1336 14.17674 | 3.38 
3ICETAIL4 VOLUME 14.17674 | 3.38 
1TAIL1 VOLUME 14.17674 | 3.38 
1TAIL2 VOLUME 3.38 
1TAIL3 VOLUME 3.38 


See | 
St 

a | aa fatter 38 
ee Sees 


1TAILS Woluivis pita) | Aygan es 3.38 
1TAIL7 VOLUME | 2.1336 _| 3.66 14.17674 | 3.38 
| 1TAIL8 Weir. Gees. lene 3.38 
3.38 


1TAIL9 VOLUME 
LICETAIL1 VOLUME 14.17674 | 3.38 
LICETAIL2 VOLUME 


14.17674 | 3.38 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


WOCTAIL6 VOLUME 2.1336 3.66 = 
WOCTAIL7 VOLUME 2.1336 3.66 = 
WOCTAIL8 VOLUME 2.1336 3.66 - 


Saas 


LICETAIL3 VOLUME 
LICETAIL4 VOLUME eet ee ee 3.38 
WOCTAIL1 VOLUME — 3.38 
WOCTAIL2 VOLUME 

|wocrans _[vorume | 21336 [366  [- |- 
WOCTAIL4 | VOLUME__| 2.1336 _| 3.66 : : 
WOCTAILS VOLUME | 2.1336 _| 3.66 : ie 14.17674 | 3.38 
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Source ID 


Source 
Type 


Release 
Height 
(m) 


Elevation 


(m) 


Exit 
Velocity 
(m/s) 


Diameter 


(m) 


Release 
Temperature 


SigmaY Sigma Z 
(m) (m) 


(K) 


WOCTAIL16 
WOCTAIL17 
WOCTAIL18 


VOLUME 
VOLUME 
VOLUME 


WOCTAIL19 
WOCTAIL20 


VOLUME 
VOLUME 


2.1336 _| 3.66 


3.66 


WOCTAIL9 VOLUME | 2.1336 | 3.66 a : 14.17674 | 3.38 
|woctaitio _| VOLUME 14.17674 | 3.38 
WOCTAIL11 VOLUME : 14.17674 | 3.38 
WOCTAIL12 VOLUME - 14.17674 | 3.38 
WOCTAIL13 VOLUME : 14.17674 | 3.38 
WOCTAIL14 VOLUME - 14.17674 
WOCTAIL15 VOLUME : 14.17674 | 3.38 


14.17674 | 3.38 


14.17674 | 3.38 


14.17674 | 3.38 


14.17674 | 3.38 


an 14.17674 | 3.38 
; 14.17674 | 3.38 


WOCTAIL21 : 

WOCTAIL22 3.66 - : : 14.17674 | 3.38 
WOCTAIL23 3.66 : : é 14.17674 | 3.38 
WOCTAIL24 3.66 - : : 14.17674 | 3.38 
WOCTAIL25 3.66 : - : 14.17674 | 3.38 
3.66 : : : 14.17674 | 3.38 
WOCTAIL27 VOLUME 3.66 : : : 14.17674 | 3.38 
366 | - : 14.17674 
acon le : : 14.17674 | 3.38 
3.66 | - 14.17674 
ei |. | 1.27674 
WOCTAIL32 2.1336 | 3.66 : : - 14.17674 | 3.38 
WOCTAIL33 VOLUME | 2.1336 __| 3.66 : : : 14.17674 | 3.38 
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Scien lO Source Elevation ae Diameter vile ty Fenner | Sigma Y Sigma Z 
Type (m) (m) (m) (kK) (m) (m) 
WOCICETAIL1 peoume_[2a3e_/ 66 _t—_ - - 14.17674 | 3.38 
WOCICETAIL2 VOLUME 3.66 - - 14.17674 | 3.38 
WOCICETAIL3 VOLUME - : 14.17674 | 3.38 
WOCICETAIL4 VOLUME - - 14.17674 | 3.38 
WCFTAIL1 VOLUME | 2.1336 3.66 - - 14.17674 | 3.38 
WCFTAIL2 _ | VOLUME 2.1336 3.66 - - 14.17674 | 3.38 
WCFTAIL3 VOLUME | 2.1336 3.66 - - 14.17674 | 3.38 
VOLUME | 2.1336 3.66 ieeeneieed | - - 14.17674 | 3.38 
WCFTAILS VOLUME - - 14.17674 | 3.38 
WCFTAIL6 VOLUME - - 14.17674 | 3.38 
| WCFTAIL7 VOLUME - - 14.17674 | 3.38 
WCFTAIL8 VOLUME - - 14.17674 | 3.38 
WCFTAIL9 VOLUME - - 14.17674 
WCFTAIL10 VOLUME | 2.1336 3.66 = - - 14.17674 
WCFTAIL11 VOLUME - - 5 14.17674 | 3.38 
WCFTAIL12 VOLUME a ee - 14.17674 | 3.38 
WCFTAIL13 VOLUME [a eee - 14°17674 | 3.38 
WCFTAIL14 VOLUME - 14.17674 | 3.38 
WCFTAIL15 VOLUME - _ | 14:17674 | 73.38 
WCFTAIL16 VOLUME - 14.17674 
WCFTAIL17 VOLUME asic | - 14.17674 
WCFTAILI8 VOLUME FS SS eS Rees | 
WCFTAIL19 VOLUME | 2.1336 3.66 eee a eee nies soe 
WCFICETAIL1 VOLUME | 2.1336 3.66 - - - 14.17674 
WCFICETAIL2 VOLUME | 2.1336 3.66 . - - 14.17674 | 3.38 
Final Supplemental Environmental Impact Statement Page I-47 


Ce ee ee a oe he ce 


a ee ee ee ee ee ee ee ee ee ee ee ae ee oe ee ee ee eee ee. ee 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | 


; Release ; Exit Release 
Source Elevation Diameter : 
Velocity Temperature 


i ee ae Ge 


SigmaY — Sigma Z 
(m) (m) 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


: 14.17674 | 3.38 
- 14.17674 | 3.38 
14.17674 | 3.38 


pS ke 
eee rete nee 
| 14.17674 | 3.38 
[| 14.17674 | 3.38 
— 14.17674 | 3.38 
14.17674 | 3.38 
[| 14.27674 | 3.38 
eee es 14.17674 | 3.38 
3.38 
3.38 


14.17674 | 3.38 
14.17674 | 3.38 


Source ID 


WCFICETAIL3 
WCFICETAILA ett ec Ee ee 


MINETAIL1 3.66 
MINETAIL2 VOLUME 3.66 
MINETAIL3 VOLUME 3.66 
Minerala | volume | 2.1336 | 36o  [- 


IMFUGD1 | volume | 2.1336 28} 
1MFUGD2 | votume | 2.1336 | 3.66 

IMFUGD3 
1MFUGD4 3.66 
1MFUGD5 VOLUME | 2.1336 _| 3.66 
imfusps__| vorume | 21336 | 365  |- | 
amruso7 _—_| vouume | 2.1336 [366  |- | 
IMFUGDS Proute raazas fase {| 


IMFUGDS 
2MFUGD1 3.66 


2MFUGD2 VOLUME 
2MFUGD3 VOLUME - — 14.17674 | 3.38 
2MFUGD4 VOLUME : 14.17674 | 3.38 
2MFUGD5 VOLUME - a 14.17674 | 3.38 
2MFUGD6 VOLUME | 2.1336 _| 3.66 il 
3MFUGD1 VOLUME | 2.1336 | 3.66 IE : : 14.17674 | 3.38 
3MFUGD2 __| VOLUME | 2.1336 | 3.66 - : : 14.17674 | 3.38 
3MFUGD3 VOLUME | 2.1336 _| 3.66 : : : 14.17674 | 3.38 
3MFUGD4 Bhai PED || KTS he : : 14.17674 | 3.38 
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: Release : Exit Release ae ; 
Source ID Source | Elevation Height Diameter Velocity Temperature SigmaY  SigmaZ 


Type (m) tra) (i) (m/s) (Kk) " (m) . fi) 
14.17674 | 3.38 
VOLUME 


ee 
a : : 14.17674 | 3.38 
| 3mrucb7 —_| VOLUME 3.66 : : 14.17674 | 3.38 
-wcEMEUGoL__ VOLUME 2.1336 | 3.66 : - 14.17674 | 3.38 
WCFMFUGD2 VOLUME | 2.1336 _| 3.66 : - 14.17674 | 3.38 
WCFMFUGD3 VOLUME | 2.1336 : 2 14.17674 | 3.38 
WCFMFUGD4 VOLUME - 14.17674 | 3.38 


WCFMFUGDS5 VOLUME 2.1336 
WCFMFUGD6 VOLUME 2.1336 


WCFMFUGD7 VOLUME 2.1336 


WCFMFUGD8 VOLUME 2.1336 14.17674 


WCFMFUGD9 VOLUME | 2.1336 _| 3.66 14.17674 
WCFMFUGD10__| VOLUME | 2.1336 __| 3.66 14.17674 | 3.38 | 


VOLUME 


= 14.17674 | 3.38 
14.17674 
14.17674 


2.1336 _| 3.66 
2.1336 _| 3.66 


WCFMFUGD15 VOLUME 2.1336 3.66 : | 


WCFMFUGD16__| VOLUME__| 2.1336 _| 3.66 - E 3.38 
VOLUME | 2.1336 __| 3.66 - - 3.38 
VOLUME | 2.1336 __| 3.66 - - 3.38 
21336__| 3.66 | - fe ta 7674 | 3.88 

eis iene At 


14.17674 | 3.38 
14.17674 | 3.38 


WOCMFUGD1 VOLUME 2.1336 3.66 = 14.17674 | 3.38 


WOCMFUGD2 VOLUME | 2.1336 3.66 - - 14.17674 | 3.38 
WOCMFUGD3 VOLUME | 2.1336 | 3.66 - - - 14:17674 | 3.38 
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nt i a a 


Release Diameter Exit Release 
Type (m) Height (m) Velocity Temperature 
uP (m) (m/s) _(K) 


|wocmeueoa | vowwme | 21336 [365 |- |. f- 
|wocmeueos | vowwme | 21336 [365  [- |. | 
_wocmeusos | vowwme | 21336 [365 [- |. | 


Source Elevation 


Source ID 


SigmaY — Sigma Z 
(m) (m) 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


a eee 
woemrusps | voiume | 21336 [365  [- |. | 
|woemeue10 | vowwme | 21336 | 365  [- |. | 
WOCMFUGD11 ieee 
Eee 


WOCMFUGD13 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


14.17674 | 3.38 
14.17674 | 3.38 


14.17674 | 3.38 


ae 
Eo 
3.66 
3.66 sa 
WOCMFUGD15 


wocmruco16 | volume | 2.1336 | 366 |- | 
wocmrucp17_| vowume | 2.1336 [3665 |= 


WOCMFUGD20__| VOLUME __| 2.1336 
VOLUME 


WOCMFUGD21 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


14.17674 | 3.38 
14.17674 | 3.38 


14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


EAMES 3.66 
VOLUME 2.1336 3.66 


3.66 


WOCMFUGD22 
WOCMFUGD23 
WOCMFUGD24 


WOCMFUGDI8 peowume ass} ae | _ 


WOCMFUGD25 VOLUME 
WOCMFUGD26 VOLUME 2.1336 3.66 
2e336 3.66 2 : 


14.17674 | 3.38 
3.38 
3.38 
3.38 
3.38 


14.17674 | 3.38 


WOCMFUGD27 VOLUME 
PAN sets 3.66 = = 


WOCMFUGD28 VOLUME 


VOLUME P1336 | 3.66 
coon Gala 


14.17674 | 3.38 
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Source Elevation Release — Diameter | Exit Release 


ia % SigmaY  SigmaZ 
Source ID Height Velocity Temperature 


WOCMFUGD29___ | VOLUME 
WOCMFUGD30__| VOLUME 14.17674 
WOCMFUGD31__| VOLUME 14.17674 
WOCMFUGD32__| VOLUME _| 2. 14.17674 | 3.38 

| WOCMFUGD33__| VOLUME_| 2. 14.17674 | 3.38 
MINEMFUGD1 VOLUME 14.17674 | 3.38 
MINEMFUGD2 
MINEMFUGD3 _| VOLUME 
MINEMFUGD4 _| VOLUME 14.17674 
2GRVLNR1 VOLUME 


14.17674 | 3.38 
14.17674 | 3.38 


2GRVLNR2 VOLUME 

14.17674 | 3.38 
2GRVLNR4 VOLUME ; 14.17674 | 3.38 
3GRVLNR1 VOLUME : 14.17674 | 3.38 
3GRVLNR2 VOLUME 14.17674 | 3.38 
3GRVLNR3 VOLUME 

3GRVLNR4 VOLUME 

ICEPDNRHCE VOLUME 

ICEPDNROS1 VOLUME 

ICEPDNROS2 VOLUME 

ICEPDNROS3 


ficePonross [vowwme [21s [ase [- 32.56 | 3.38 
iceponross | vowume | 2.1336 | 366 |- Yes ae 


ICEPDNROS6 VOLUME 2.1336 3.66 = 32.56 3.38 
ICEPDNROS7 VOLUME 2.1336 3.66 - 


8.860465 | 3.38 
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14.17674 | 3.38 
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37.21 3.38 
25.58 eos 
== 32.56 | 3.38 
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Source Elevation cree i eae peeee SigmaY  SigmaZ 


Source ID Height Velocity Temperature 
OS Oth) ts (m/s) —_{K) 


jiceppnrose | votume | 21336 [366  |- | 
jiceponross | vorume_| 2.1336 [366  |- | 


(m) (m) 


see NR 200003 aa 
[os ee ee 
|. |. | acne | 3.38 
Se 
8.860465 | 3.38 
|. s.acoaes | 3.38 
|. | ea6oa6s | 3.38 | 
|__| 860465 | 3.38 
|. __| 8.acoass | 3.38 
|__| 8604s | 3.38 
|- ___| 860465 | 3.38 
|. | a.acoass | 3.38 
|__| 8860465 | 3.38 
-__| sa6o46s | 3.38 
3.38 


ies 
ficeponrosia | vowwme | 21336 | 365  [- |. 
ficepowrosis | vowume | 2.1336 | 365 |- |- 
jicepnrosie | vo.ume | 21336 | 365  |- |. 
a ees 

Ese 

Ea 


\CEPONROS17 
iceponrosis | volume | 2.1336 | 366 |- 
iceppnrosi9 | volume | 2.1336 [365  |- | 
icEPDNROS20 | volume [2.1336 | 366 |- 
iceppNRos21 | volume | 2.1336 [366  |- 
ee ee 
eae | 


\CEPDNROS22 
ICEPDNROS23 


3.38 
3.38 
3.38 
3.38 
3.38 
3.38 


jiceponrosza | vowume | 2.1336 | 3.66 |- 
iceponRos2s | volume | 2.1336 | 3.66 |- 
jiceponroszs | vowume | 2.1336 | 3.66 [- 
icePDNROS27__| volume | 2.1336 | 366 |- 
ea 
ears 
vermee| 


ICEPDNROS31 VOLUMENS S2713300mt (a homer : 8.860465 | 3.38 
ICEPDNROS32 VOLUME Ne 2 1a3cuet) a \come ae - : 8.860465 | 3.38 


Final Supplemental Environmental Impact Statement Page I-52 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Exit ' Release. 


Release | 


Source ID ae a tle Height ae Velocity _ Temperature ae eM ae ae 
alu) ewe ; (m/s) (K) — Z| 


ICEPDNROS33 VOLUME = 8.860465 | 3.38 
ICEPDNROS34 VOLUME - 8.860465 | 3.38 
ICEPDNROS35 VOLUME - 8.860465 | 3.38 


2 8.860465 | 3.38 
8.860465 | 3.38 
=| 


ICEPDNROS36 
ICEPDNROS37 
ICEPDNROS38 
ICEPDNROS39 


ICEPDNROS40 


VOLUME - 8.860465 | 3.38 
ICEPDNROS41 


VOLUME | 2.1336 ee ee 
VOLUME 8.860465 | 3.38 
VOLUME | 2.1336 _| 3.66 8.860465 | 3.38 
ICEPDNROS42 VOLUME | 2.1336 8.860465 | 3.38 
ICEPDNROS43 VOLUME 8.860465 | 3.38 


ICEPDNRIOS1 VOLUME 2.1336 3.66 Suez 3.38 
ICEPDNRIOS2 VOLUME 2.1336 3.66 DDS 3.38 


VOLUME ZA BIS 
VOLUME 


ICEPDNRIOS3__| VOLUME Yee maee ae hes es ET sane ee 
ICEPDNRIOS4 VOLUME 2 

ICEPDNRIOSS VOLUME 

ICEPDNRIOS6 VOLUME 

ICEPDNRIOS7 VOLUME : : 8.860465 | 3.38 
ICEPDNRIOS8 VOLUME 8.860465 | 3.38 


jiceponrioss | vowume | 21336 |365  |- —s|- —[- | s.60es | 3.38 
ICEPDNRIOS10 Prous fanaa 366 fs 8.860465 
freee Meee 


| \CEPDNRIOS11 VOLUME 8.860465 
| ICEPDNRIOS12 VOLUME 8.860465 

ICEPDNRIOS13 VOLUME - ; : 8.860465 
VOLUME 3.66 | - 
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Release ; Exit Release 


Source ID 


a=! bo 


Source Elevation i SigmaY  SigmaZ 
Type (m) m (m/s) (m) (m) 
2.1336 _| 3.66 a aad ee ee 
2.1336 _| 3.66 
VOLUME | 2. 8.860465 
ICEPDNRIOS18 3.66 8.860465 | 3.38 
ICEPDNRIOS19 VOLUME 2.1336 3.66 8.860465 | 3.38 
ICEPDNRIOS20 3.66 8.860465 | 3.38 
ICEPDNRIOS21 3.66 8.860465 | 3.38 
| ie oe 
ICEPDNRIOS24 Prous —2azae fase _[-_ 8.860465 | 3.38 
ICEPDNRIOS25 VOLUME 2.1336 3.66 8.860465 | 3.38 
ICEPDNRIOS26 3.66 Beal 8.860465 
ICEPDNRIOS27 VOLUME 2.1336 3.66 8.860465 
ICEPDNRIOS28 3.66 8.860465 
VOLUME 3.66 8.860465 
8.860465 | 3.38 
VOLUME 2.1336 3.66 = - - 8.860465 | 3.38 
ICEPDNRIOS33 VOLUME 2.1336 3.66 - - - 8.860465 | 3.38 
ICEPDNRIOS34 VOLUME 2.1336 3.66 - - - 8.860465 | 3.38 
ICEPDNRIOS36 VOLUME 2.1336 3.66 = - - 8.860465 | 3.38 
ICEPDNRIOS37 VOLUME 2.1336 3.66 - - - 8.860465 | 3.38 
| ICEPDNRIOS38 VOLUME Plt SseXs) 3.66 - = - 8.860465 | 3.38 


Height Velocity’ Temperature 
ICEPDNRIOS17 
ICEPDNRIOS22 VOLUME | 2.1336 | 3.66 — 8.860465 
ICEPDNRIOS23 VOLUME | 2.1336 8.860465 
ICEPDNRIOS30 VOLUME 3.66 - 8.860465 
ICEPDNRIOS35 VOLUME 2.1336 3.66 - - - 8.860465 | 3.38 
ICEPDNRIOS39 VOLUME 2.1336 3.66 - - - 8.860465 | 3.38 
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Exit - Release 
Velocity Temperature 


(m/s) (kK) 


Release _. 

; ‘Diameter 
Height (m) 
(m) 


Elevation 


_(m) 


Sigma Y 
(m) 


| Sigma Z 
(m) 


Source ID 


iceronniosao | vouume [21336 [a6 |.  |- |. 
| IcepoNRIOS41.__| VOLUME paves fase | __1_{._astoass [35 
[iceponriosa2 | votume [21336 [365  |- —[- |. | a. zeoaes | 3.38 


VOLUME 2.1336 3.66 


| ICEPDNRIOS43 


= 8.860465 | 3.38 
- Bagel 3.38 


ICEPDNRPIP1 VOLUME 3.66 

ICEPDNRPIP2 VOLUME 3.38 
ICEPDNRPIP3 3.38 
ICEPDNRPIP4 VOLUME : 32.56 3.38 


ICEPDNRPIP5 


VOLUME 


ICEPDNRPIP6 VOLUME 


as ae sca 2 


3.38 


ICEPDNRPIP7 
ICEPDNRPIP8 VOLUME 


ICEPDNRPIP9 VOLUME | 2.1336 _| 3.66 
ICEPDNRPIP10 VOLUME | 2.1336 


VOLUME 


8.860465 | 3.38 
3.38 
3.38 
3.38 
3.38 
3.38 


8.860465 | 3.38 


ICEPDNRPIP11 VOLUME 

ICEPDNRPIP12 VOLUME | 2.1336 _| 3.66 ad ee 
ICEPDNRPIP23 

ICEPDNRPIP14 VOLUME | 2.1336 _| 3.66 

ICEPDNRPIP15 VOLUME | 2.1336 _| 3.66 

ICEPDNRPIP6 aes | 


ICEPDNRPIP17 VOLUME 


8.860465 | 3.38 


8.860465 | 3.38 


8.860465 | 3.38 


8.860465 | 3.38 


VOLUME 


ICEPDNRPIP18 


8.860465 | 3.38 


ICEPDNRPIP19 
ICEPDNRPIP20 
ICEPDNRPIP21 


VOLUME 


VOLUME 2.1336 
VOLUME 2.1336 
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; Release : Exit Release F 
Source Elevation ; Diameter ; Sigma Z 
Height Velocity Temperature 
Type (m) (m) (m) (m) 


2.1336 8.860465 | 3.38 
2.1336 8.860465 | 3.38 
2.1336 8.860465 | 3.38 
FICEPDNRPIP26 | VOLUME 2.1336 | 3.66 8.860465 | 3.38 

2.1336 es} 
2.1336 


Source ID 


ICEPDNRPIP29 VOLUME No dsaeum|tsieone ss an une oe 8.860465 


ICEPDNRPIP30 VOLUME | 2.1336 _| 3.66 8.860465 
ICEPDNRPIP31 VOLUME | 2.1336 _| 3.66 
ICEPDNRPIP32 VOLUME | 2.1336 _| 3.66 


8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
8.860465 
19.76744 
19.76744 
14.17674 


8.860465 
2.1336 
ICEPDNRPIP34 2.1336 : 
2.1336 
ICEPDNRPIP36 2.1336 
ICEPDNRPIP37 2.1336 
2.1336 
ICEPDNRPIP39 VOLUME | 2.1336 : : : 
ICEPDNRPIP40 VOLUME | 2.1336 | 3.66 : : - 
211336 9 | 3 cone 
ICEPDNRPIP42 VOLUME | 2.1336 | 3.66 : : 
ICEPDNRPIP43 VOLUME | 2.1336 _| 3.66 : : 
ICEPDNRHDD1 VOLUME | 2.1336 _| 3.66 : - 


ICEPDNRHDD2 VOLUME 2.1336 3.66 = : 
ICERDNR1 VOLUME 2.1336 3.66 2 = 


Final Supplemental Environmental Impact Statement 


3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
Spake 
3.38 
3.38 
3.38 


th 


October 2022 


Page I-56 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Source ___ Elevation ; | Diameter Balt 4 eae SigmaY  SigmaZ 
Height _ Velocity. Temperature 
Type (m) (m) _ (m) (m) 


PIPNR3 VOLUME 
PIPNR4 VOLUME 


14.17674 | 3.38 
14.17674 | 3.38 
= 
14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 
VSMNR1 VOLUME 14.17674 | 3.38 
VSMNR2 VOLUME 14.17674 | 3.38 
14.17674 | 3.38 
14.17674 | 3.38 


VSMNR4 VOLUME _| 2. 

FBROPNR1 VOLUME | 2. 14.17674 | 3.38 
FBROPNR2 hie joes lec J Sa 14.17674 | 3.38 
VOLUME | 2.1336 _| 3.66 3.38 
FBROPNR4 VOLUME | 2.1336 _| 3.66 14.17674 | 3.38 
2PADNR1 VOLUME | 2.7432 _| 3.66 18.60465 | 3.38 
2PADNR2 VOLUME | 2.7432 _| 3.66 18.60465 | 3.38 
2.7432 _| 3.66 /— 3.38 
2.7432 _| 3.66 3.38 


3PADNR1 VOLUME | 2.7432 __| 3.66 ee a Eis eee 
3PADNR2 VOLUME | 2.7432 _| 3.66 ee ys tecoscstioce 


3PADNR3 VOLUME | 2.7432 _| 3.66 3.38 
3PADNR4 VOLUME | 2.7432 _| 3.66 ; : 18.60465 
MINENR1 VOLUME | 0 3.66 : : 32.56 
MINENR2 VOLUME | 0 3.66 : : 32.56 


Release 


Source ID 


ICERDNR2 


3.38 
3.38 
3.38 
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Source ID 


MINENR3 


Source 
Type 


VOLUME 


MINENR4 


VOLUME 


MINENRS5 


MINENR6 VOLUME 
MINENR7 VOLUME 


VOLUME 


Sigma Y 
(a) 


Sigma Z 


(m) 


32.56 3.38 
32.56 3.38 


VOLUME 


MINENR9 


VOLUME 
VOLUME 
VOLUME 


VOLUME 
VOLUME 
VOLUME 


3PADOHT2 VOLUME 


3PADOHT3 VOLUME 


3PADOHT4 


VOLUME 


18.60465 


18.60465 


18.60465 
18.60465 


3.38 
3.38 


3.38 
3.38 


| 


2GRVLOHT1 


2GRVLOHT2 


2GRVLOHT3 


VOLUME 


14.17674 


3.38 


VOLUME 
VOLUME 


14.17674 


3.38 
3.38 


= 


2GRVLOHT4 


VOLUME 


3GRVLOHT1 


VOLUME 


3GRVLOHT2 


VOLUME 


14.17674 
14.17674 


3.38 


14.17674 | 3.38 


14.17674 


3.38 


3GRVLOHT3 VOLUME 14.17674 | 3.38 
3GRVLOHT4 VOLUME 3.38 
MINEOHT1 VOLUME 32.56 3.38 
MINEOHT2 VOLUME 32.56 3.38 
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Source Elevation pear Diameter ent pee SigmaY  SigmaZ 


Height Velocity | Temperature 


Source ID 


MINEOHT3 
MINEOHT4 
MINEOHT5 


3.38 
3.38 


MINEOHT7 
MINEOHT8 
MINEOHT9 


VOLUME 
VOLUME 


WCFFACNR3 VOLUME | 3-95 | 3.66 23.25581 | 3.38 
WCFFACNR4 VOLUME | 3-05 23.25581 | 3.38 


eee) Sees 


Table |.1-3. Alternative E Near-field Model Scenario 1 Emissions Rates 
Modeled Emission Rates (g/s) 
co NOx PMio ; PMs SO; Annual 


1-hr and : Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual? 1-hr 24-hr 


2.65E-02 | 1.06E-01 
1.176-02 | 1.786-02 | 1.156-03 
5.85€-02 | 8.92E-02 | 4.91£-02 | 8.08E-03 1.43E-04 
1.60E-02 | 5.78E-02 | 1.50E-02 | 3.46E-03 | 3.35E-03 6.82E-05 
2.59E-02 | 4.89E-02 | 1.27E-02 | 3.84£-03 | 3.73E-03 | 9.67E-04 | 4.18E-05 
3.51£-03 | 1.40E-02 | 5.65E-03 | 1.67E-03 | 1.49E-03 


Source ID 


1FACHTR1 
1FACNMAC 
1FACNR 


1FACNMGS1 
1FACNMGS2 


1PIPHTR1 


Annual 
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Modeled Emission Rates (g/s) 
PMio PM2.5 


co 


1-hr and 
8-hr 1-hr Annual? 24-hr 24-hr Annual? 1-hr 


9.206-05 VARIES 
257e-02 | 


NOx SO2 Annual 


Hours 


Source ID 


24-hr Annual? 


1PIPNMAC 6.37E-05 | 1.93E-05 


1PIPNR 


661.5 


1PIPNMBR 6.35E-03 | 2.57E-02 | 7.77E-03 | 1.36E-03 | 1.32E-03 | 3.97E-04 | 3.18E-05 | 3.18E-05 | 9.60E-06 | 661.5 
1PIPNMGS1 5.08E-03 | 1.24E-02 : F 3.06E-04 | 1.06E-05 | 1.06E-05 | 4.29E-06 | 882 
1PIPNMGS2 2.75E-03 | 2.84E-03 : : A4E- 


1VSMNMBR 7.12E-03 | 2.99E-02 | 9.46E-03 | 1.48E-03 | 1.44E-03 | 4.55E-04 | 3.74E-05 | 3.74E-05 | 1.18E-05 | 693 
1FUGD 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.12E-02 | 4.68E-03 | 4.68E-03 


2.396-03 | 2.146-03 | 1.976-03 =: 
ee es 
0.00E+00 | 3.10E-02 | 4.65E-03 | 4.65E-03 | 0. 

4704 


B4E- 2.56E-04 | 2.49E-04 2.44€-06 | 9.84£-07 | 882 
8.29E-06 | 3.346-06 | 882 
VARIES 


0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


6.20E-04 


4704 


2.14E-04 


| 4380 


: 


4704 
4704 
4380 


ALPAIR1 5-89E-09 7 105.93E-09 5 |5,93E-09101.67E-10))51.67E-10) 1 1.67E-10" |07.72E=10 > |) 7:72E-10 | 7.72E-10 9128760 
5-93E-09 7175.93E-09 =| i1-67E-105)11.67E-10)/11-67E-10) a7 -72E-10) IL 7.72E-10. | fa72E-10-), 8760 


ALPAIR2 5.89E-09 
8760 


7.72E-10 
1.346-05 | 708.75 
1.566-04 | 4.036-05 | 708.75 
6.126-07 | 472.5 

: 472.5 


BDGNMAC2 1.87E-03 | 2.85E-03 | 4.92E-04 | 2.46E-04 4.11E-05 | 7.10E-06 | 7.10E-06 | 1.22E-06 
3.27E-02 | 6.28E-03 2.64E-04 | 7.85E-05 | 7.85E-05 | 1.38E-05 | 472.5 


= 
1.48E-03 
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Modeled Emission Rates (g/s) 
co NOx = PMin_— PMis S02 Annual 


Source ID ee 
1-hr and : ree eats | at . _ Hours 
8-hr 1-hr Annual? =. 24-hr ~—so24-hr Annual’ = 1-hr~=——sé24-r Annual* 


BDGNMBR 1.53E-03 | 6.41E-03 | 1.11E-03 | 3.18E-04 | 3.08E-04 | 5.32E-05 | 8.02E-06 | 8.02E-06 | 1.38E-06 | 472.5 
BDGNMGS1 4.41E-03 | 1.08E-02 | 3.71E-03 | 6.79E-04 | 6.58E-04 | 2.27E-04 | 9.24E-06 | 9.24E-06 | 3.19E-06 


BDGNMGS2 3.57E-03 | 6.72E-03 | 2.32E-03 | 5.29E-04 | 5.13E-04 | 1.77E-04 | 5.75E-06 | 5.75E-06 | 1.99E-06 
MINENMAC 2.81E-03 | 3.89E-02 | 3.59E-02 | 4.00E-04 | 3.88E-04 | 3.57E-04 | 3.65E-05 | 3.65E-05 | 3.36E-05 
MINENMBR | O-20E-020 62.21 E-Ols 2 03E-01 79.3 16-03 07 9,03E-03 7 | Si31F-03 sin 2)57E-045 2.57604) 102 376-04 


MINENMGS1 2.27E-02 | 4.27E-02 3.66E-05 
MINENMP 1.226-02 

BLASTANN 0.00E-+-00 
BLASTHR 8.79E+00 | 2.23E+00 | 0.00E+00 
GRVLHTR1 1.03E-02 | 4.12E-02 | 3.80E-02 | 4.91E-03 | 4.39E-03 | 4.04£-03 | 4.39E-04 


GRVLSHTR1 3.56E-03 4) 1-42E-02> | 1316702" | 1: 69E-03° | -1-52E-03 | 1.39E-03" |) 1.52E-04— | 1.52E-04 | 1396-045) 2688 
GRVLNMGS1 1.01E-02 | 1.90E-O2 | 1.75E-02 | 1,49E-03 | 1.45E-03 | 1.33E-03 | 1.62E-05 | 1.62E-05 | 1.49E-05 | 2688 
ICERDNMGS1 3.91E-01 | 2.26E-01 | 2.39E-02 | 5.80E-02 | 5.62E-02 | 5.95E-03 | 6.30E-04 | 6.30E-04 | 6.67E-05 | 464.7698 


ICERDNMP 9.73E-01 | 1.12E+00 | 1.18E-01 | 1.47E-01 | 1.43E-01 | 1.51E-02 | 4.23E-03 | 4.23E-03 | 4.48E-04 | 464.7698 


ICEPDNMGS1 3 LLE-O25 /6-91E-025)/93°33E-025 |)7-58E-03 © |57.55E-03> | 3.54E-03) | 8:24E-05 | 8:24E-05 1) 3:97E-05" 1858. 032 
ICEPDNMP 1.27E-01 | 3.43E-01 ‘ 


1.65E-01 | 1.92E-02 | 1.86E-02 | 8.96E-03 | 5.54E-04 | 5.54E-04 | 2.66E-04 | 1858.032 
1MICEPDNR 9.68E-04 | 7.04E-02 | 6.48E-02 | 1.26E-04 | 1.22E-04 | 1.13E-04 | 4.41E-06 | 4.41E-06 | 3.45E-06 
IMICEPDNMGS1 .76E- .OOE- : 


1.92E-03 | 6.91E-02 | 1.25E-03 | 2.85E-04 | 2.76E-04 | 5.00E-06 | 3.10E-06 | 3.10E-06 | 5.60E-08 | 92.4 
1MICEPDNMP 4.78E-03 | 3.43E-01 | 6.19E-03 | 7.22E-04 | 7.01E-04 | 1.27E-05 | 2.08E-05 | 2.08E-05 | 3.76E-07 | 92.4 


WOCMICEPDNR 9.68E-04 | 7.04E-02 | 6.48E-02 | 1.26E-04 | 1.22E-04 | 1.13E-04 | 4.41E-06 | 4.41E-06 | 3.45E-06 
WMICEPDNMGS1 | 1.92E-03 | 6.91E-02 | 1.25E-03 | 2.85E-04 2.76E-04 | 5.00E-06 | 3.10E-06 | 3.10E-06 | 5.60E-08 


WOCMICEPDNMP | 4.78E-03 | 3.43E-01 | 6.19E-03 | 7.22E-04 | 7.01E-04 | 1.27E-05 | 2.08E-05 | 2.08E-05 | 3.76E-07 | 92.4 
GMSMICEPDNR 9.68E-04 | 7.04E-02 | 6.48E-02 | 1.26E-04 | 1.22E-04 | 1.13E-04 | 4.41E-06 | 4.41E-06 | 3.45E-06 | 92.4 


GMICEPDNMGS1 | 1.92E-03 | 6.91E-O2 | 1.25E-03 | 2.85£-04 | 2.76E-04 | 5.00E-06 | 3.10E-06 | 3.10E-06 | 5.60E-08 | 92.4 
7.01E-04 | 1.27E-05 | 2.08E-05 | 2.08E-05 | 3.76E-07 | 92.4 


GMSMICEPDNMP | 4.78E-03 | 3.43E-01 | 6.19E-03 | 7.22E-04 
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Modeled Emission Rates (g/s) 


co NOx PMho PMs SO2 Annual 


1-hr and Hours 
8-hr 1-hr Annual* 24-hr 24-hr Annual? 1-hr 24-hr Annual? 


STCKPL 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.09E-01 | 7.70E-02 | 7.70E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 Oman 
FBROPHTR 1.95E-02 | 7.79E-02 | 5.38E-02 | 9.27E-03 | 8.30E-03 | 2.15E-03 | 8.30E-04 | 8.30E-04 | 5.73E-04 | 1512 
FBROPNMGS1 2.35E-02 | 5.73E-02 | 1.98E-02 | 3.62E-03 | 3.51E-03 | 9.09E-04 | 4.93E-05 | 4.93E-05 | 1.70E-05 sca 


; 756 
FBROPNMGS2 1.90E-02 | 3.59E-02 | 2.48E-02 | 2.82E-03 | 2.74E-03 | 7.08E-04 | 3.07E-05 | 3.07E-05 | 2.12£-05 | 1512 
PIPHTR 6.19E-02 | 2.47E-01 882 


A7E- 9.97E-02 | 2.94E-02 | 2.64E-02 | 1.06E-02 2.64E-03 | 1.06E-03 

3.10E-02 | 3.00E-02 | 9.07E-03 3,39E-04 
1.37E-01 2.32E-02 | 7.00E-03 1.69E-04 
8.80E-02 | 1.38E-02 1.88E-04 


1.34E-02 | 5.39E-03 1.88E-04 | 7.56E-05 
PIPNMGS2 4.84E-02 | 5.00E-02 | 2.02E-02 | 4.52E-03 


.84E- 4.38E-03 | 1.76E-03 | 4.30E-05 | 4.30E-05 | 1.73E-05 
PIPNMGS3 9.06E-02 | 1.71E-01 | 6.88E-02 | 1.34E-02 882 
VSMNMBR 4.53E-02 693 


Source ID 


130E-02 1.46E-04 | 1.46E-04 | 5.89E-05 
1.90E-01 | 6.02E-02 | 9.43E-03 | 9.14E-03 2.38E-04 | 2.38E-04 | 7.53E-05 
HDDPE1 3.51E-01 | 6.42E-01 | 6.42E-01 | 2.01E-02 
HDDPE2 2.73E-01 


2.01E-02 6.64E-04 | 6.64E-04 | 6.64E-04 | 2190 
4.98E-01 | 4.98E-01 | 1.56E-02 5.15E-04 | 5.15E-04 | 5.15E-04 | 2190 
HDDSE1 3.51E-01 


2.01E-02 
1.56E-02 
2.01E-03 
7.46E-04 
2.01E-02 
8.58E-03 
3.35E-03 


1.56E-02 
6.42E-01 | 6.42E-02 | 2.01£-02 6.64E-04 | 6.64E-04 | 6.64E-05 | 219 
2.47E-04 | 2.47E-04 | 2.47E-05 | 219 
6.64E-04 | 6.64E-04 | 6.64£-04 | 2190 
2.84E-04 | 2.84E-04 | 2.84£-04 
3.35E-04 3.356-04 | 3.35E-04 
6.71E-04 | 6.71E-04 | 6.71E-04 
1.02€-03 | 1.02€-03 | 1.026-03 
1.02E-02 | 1.02E-02 | 1.02E-03 | 1.02€-03 | 1.02E-03 
HDDH2_W 1.10E-02 | 4.38E-02 | 4.38E-02 | 5.22E-03 | 4.67E-03 | 4.67E-03 | 4.67E-04 | 4.67E-04 | 4.67E-04 
HDDH2_E 1.10E-02 | 4.38E-02 | 4.38E-02 | 5.22E-03 | 4.67£-03 | 4.67E-03 | 4.67E-04 | 4.67E-04 | 4.67E-04 
HDDWH_W 5.69E-03 | 2.28E-02 | 2.28E-02 | 2.71£-03 | 2.42E-03 | 2.42E-03 | 2.42E-04 2.42€-04 | 2.42E-04 | 2190 
HDDWH_E 5.69E-03 | 2.28E-02 | 2.28E-02 | 2.71£-03 | 2.42£-03 | 2.42E-03 | 2.42E-04 | 2.42E-04 | 2.42£-04 | 2190 


2.01E-02 
7.46E-03 
2.01E-02 
8.58E-03 
S:55E-05 
6.71E-03 
1.02E-02 


HDDSE2 1.30E-01 | 2.46E-01 
HDDMPE 3.51E-01 | 6.42E-01 


HDDTPE 1.50E-01 | 2.83E-01 
ZeOVE-03 0) pouloE-O2 
1.57E-02 | 6.30E-02 | 6.30E-02 
HDDH1_W 2.40E-02 | 9.59E-02 | 9.59E-02 
HDDH1_E 2.40E-02 | 9.59E-02 | 9.59E-02 


2.46E-02 
6.42E-01 
2.83E-01 
3.15E-02 


7.46E-03 
2.01E-02 
8.58E-03 
3.75E-03 
7.50E-03 
1.14E-02 
1.14E-02 


1.02E-02 
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Modeled Emission Rates (g/s) 
CO NOx ee BMin ce se PMs S00 =. Annual 


Source ID : H 
1-hr and OUTS 


8-hr 1-hr Annual! =. 24-hr_ ~—s24-hr~—S Annual? ~—1-hr 24-hr Annual? 


HDDNMGE1 1.28E+00 | 1.46E+00 | 1.46E+00 | 7.31E-02 | 7.31£-02 | 7.31£-02 | 2.70E-03 | 2.70E-03 | 2.70E-03 | 2190 
HDDNMGE2 6.14E-01 | 7.02E-01 | 7.02€-01 | 3.51£-02 | 3.516-02 | 3.51€-02 | 1.29€-03 | 1.29£-03 | 1.29E-03 | 2190 
HDDNMGE3 7.68E-01 | 8.77E-01 | 8.77E-01 | 4.39E-02 | 4.39E-02 | 4.39E-02 | 1.62E-03 | 1.62E-03 | 1.62E-03 | 2190 
HDDNMBGE1 1.28E+00 | 1.46E+00 | 1.46£-01 | 7.31£-02 | 7.31£-02 | 7.31E-03 2.70E-04 | 219 
HDDNMBGE2 6.14E-01 | 7.02E-01 | 7.02E-02 | 3.51E-02 | 3.51£-02 | 3.51£-03 | 1.29£-03 | 1.29E-03 | 1.29E-04 | 219 
HDDNMBGE3 6.14E-01 | 7.02E-01 | 7.02E-02 3.51E-02 | 3.51E-03 219 
HDDNMAC1 4.62E-03 | 2.13E-02 | 7.11£-03 | 8.81£-04 | 8.54E-04 | 2.85£-04 1.97E-05 | 730 
HDDNMAC2 2.13E-02 | 7.11€-03 | 8.81E-04 | 8.54E-04 | 2.85£-04 | 5.90E-05 1976-05 | 730 _| 
HDDNROCE1 6.99E-03 | 2.11£-02 | 7.04E-03 | 1.22E-03 | 1.18E-03 | 3.93E-04 | 5.95E-05 1.98E-05 | 730 
HDDNROCE2 6.99E-03 | 2.11£-02 | 7.04E-03 | 1.22E-03 | 1.18E-03 | 3.93E-04 | 5.95E-05 
HDDNRC 3.45E-03 | 1.68E-02 | 5.60E-03 | 5.90E-04 | 5.73E-04 | 1.91E-04 6.33E-05 
WOCPWRGEN 3.89E+00 | 3.89E+00 | 1.94E+00 | 1.11£-01 | 1.11£-01 | 5.56E-02 | 7.35E-03 | 7.35E-03 | 3.67E-03 
WOCTEMPTRB _| 5.29E+00 | 6.96E+00 | 6.96E+00 | 1.83E-01 | 1.83E-01 | 1.83E-01 | 2.37E-02 | 2.37E-02 | 2.37E-02 | 8760 
WOCFACHTR1 1.00E-01 | 4.02E-01 | 1.54E-01 | 4.78E-02 | 4.28E-02 | 1.64E-02 | 4.28E-03 | 4.28E-03 | 1.64E-03 
WOCFACNMAC _| 4.41£-02 6.45E-03 | 5.79E-03 | 5.62E-03 | 5.39E-04 | 1.67E-04 | 1.67E-04 | 1.60E-05 

WOCFACNR 2.21£-01 | 3.37E-01 | 2.75E-01 | 3.06E-02 | 2.96E-02 | 2.54E-02 | 5.42E-04 | 5.42E-04 | 4.30E-04 
WOCFACNMGS1_| 6.06E-02 | 2.18E-01 | 8.38E-02 | 1.31£-02 | 1.27E-02 | 4.86E-03 | 2.58E-04 | 2.58E-04 | 9.88E-05 
WOCFACNMGS2__| 9.81£-02 | 1.85E-01 | 7.09E-02 | 1.45£-02 | 1.41£-02 | 5.41£-03 | 1.58E-04 | 1.58E-04 | 6.07£-05 | 2520 
WOCFUGD 0.00E+00 | 0.00£+00 | 0.00€+00 | 1.11€-01 | 1.67E-02 | 1.67E-02 | 0.00+00 | 0.00€+00 | 0.00E+00 | 4380 
WCFFACHTR1 1.64E-01 | 6.57E-01 | 2.52E-01 | 7.82E-02 | 7.00E-02 | 2.69F-02 | 7.00E-03 | 7.00E-03 | 2.69E-03 | 2520 


WCFFACNMAC 6.74E-02 | 1.03E-01 | 9.84E-03 | 8.84E-03 | 8.58E-03 | 8.23E-04 | 2.55E-04 | 2.55E-04 | 2.45E-05 | 630 
WCFFACNMGS1 2.76E-01 | 9.96E-01 | 3.82E-01 | 5.95E-02 | 5.78E-02 | 2.22E-02 | 1.17E-03 | 1.17E-03 | 4.51E-04 | 2520 


WCFFACNMGS2 1), GOE-02)3,03E-O1) 1166-015) 2,38E-02 5|.2.31E-02 |18.85E-03)) 2:59E-04 7 |52.59E-04 3199:93E-05 9)).2520 


WCFFUGD 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-02 | 5.17E-03 | 5.17E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WILLOWAIR1 1.33E-07 | 4.40E-08 | 4.40E-08 | 2.66E-09 | 2.66E-09 | 2.66E-09 | 9.35E-09 | 9.35E-09 | 9.35E-09 | 8760 
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Modeled Emission Rates (g/s) 


co NOx PMio PM25 S02 Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual? 1-hr 24-hr Annual? 


4.40E-08 2.66E-09 | 2.66E-09 | 2.66E-09 | 9.35E-09 
4.40E-08 | 4.40E-08 | 2.66E-09 | 2.66E-09 | 2.66E-09 | 9.35E-09 | 9.35E-09 
2TAIL1 4.15E-03 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 | 2.72E-05 
2TAIL2 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 | 2.72E-05 | 2.72E-05 | 1.88E-05 | 8760 
ere 1.88E-05 | 760 


Source ID 


2TAIL3 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 | 2.72E-05 
2TAILA 4.15E-03 2.72E-05 
4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 2.72E-05 | 2.72E-05 
2TAIL6 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 2.726-05 | 2.72E-05 | 1.88E-05 
2ICETAIL1 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90£-04 | 2.72E-05 | 2.72£-05 | 1.88E-05 | 8760 
2ICETAIL2 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 | 2.72E-05 | 2.72E-05 | 1.88E-05 

2ICETAIL3 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 2.72E-05 | 1.88E-05 

| 2ICETAILA 4.15E-03 | 1.03E-02 | 7.16E-03 | 5.83E-04 | 5.64E-04 | 3.90E-04 | 2.72€-05 | 2.72E-05 | 1.88E-05 

3TAILI 4.46E-03 | 1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19E-04 | 2.92E-05 | 2.92E-05 | 2.02E-05 

3TAIL2 4.46E-03 | 1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19£-04 | 2.92E-05 | 2.92E-05 | 2.02E-05 

4.46E-03 | 1116-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19E-04 | 2.92E-05 | 2.92E-05 | 2.02-05 

3TAIL4 1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19E-04 


2.92E-05 | 2.02E-05 


3TAILS 4.46E-03 | 1.11E-02 “4 7.70E-03 | 6.27E-04 a 6.07E-04 | 4.19E-04 { 2.926-05 | 2.926-05 ATE 
3TAIL6 4.46E-03 | 1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19£-04 | 2.92E-05 | 2.92-05 | 2.02E-05 
3TAIL7 4.46E-03 1116-02 | 7.70E-03 6.27-04 | 6.07E-04 seenaal 2.92E-05 | 2.92E-05 | 2.02E-05 
3ICETAIL1 4.46E-03 | 1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.196-04 2.92E-05 | 2.02E-05 
1.11E-02 | 7.70E-03 | 6.27E-04 | 6.07E-04 | 4.19E-04 | 2.92E-05 | 2.92£-05 | 2.02E-05 
3ICETAIL3 4.46E-03 | 1.11E-02 | 7.70E-03 | 6.27E-04 aaa | 4.19E-04 | 2.92E-05 | 2.92E-05 | 2.02E-05 
3ICETAIL4 4.46E-03 | 1.11£-02 | 7.70E-03 | 6.27E-04 | 6.07£-04 | 4.19£-04 | 2.92€-05 | 2.92E-05 | 2.02E-05 
1TAIL1 3.07E-05 | 3.75€-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20€-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 
1TAIL2 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20-06 | 2.20E-06 | 1.25E-07 | 1.25€-07 | 1.25E-07 
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. - Modeled Emission Rates (g/s) Be ie eG 

co NOx. a. PMio : PM25 : 5 SO, Annual 
1-hr and 2 e See oe ee a a Poite ee 

8-hr 1-hr Annual’ = 24-hr ~=—s24-hr~—s Annual’ ~—s1-hr 24-hr Annual? 
1TAIL3 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 8760 
1TAIL4 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 
1TAILS 3.75E-05 | 3.75€-05 | 4.07£-06 | 2.20E-06 | 2.20E-06 | 1.25£-07 | 1.25E-07 | 1.256-07 | 8760 
1TAIL6 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 
1TAIL7 3.07E-05 | 3.75E-05 


3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 
TAILS 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 


1TAIL9 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 
1ICETAIL1 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 8760 


8760 


Source ID 


LICETAIL2 4.07E-06 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 

| 1ICETAIL3 3.07E-05 | 3.75E-05 | 3.75E-05 | 4.07E-06 | 2.20E-06 | 2.20E-06 | 1.25E-07 | 1.25E-07 | 1.25E-07 
LICETAIL4 3.076-05 | 3.75€-05 | 3.75£-05 | 4.07€-06 | 2.20€-06 | 2.20€-06 | 1.25-07 | 1.25€-07 | 1.256-07 | 8760 
OEM 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91£-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
WOCTAIL2 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
WOCTAIL3 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91£-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 


2,7 9E-08 9 |92,79E-08 12: 79E-08 3760 


4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 


WOCTAIL4 6.88E-06 | 8.40E-06 
WOCTAILS 6.88E-06 | 8.40E-06 


8.40E-06 
8.40E-06 


9.11E-07 
9.11E-07 


4.91E-07 
4.91E-07 


4.91E-07 


WOCTAIL6 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 


WOCTAIL7 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-0g | 8760 
WOCTAIL8 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91£-07 | 2.79£-08 | 2.79E-08 | 2.79E-0g8 | 8760 


WOCTAIL10 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
WOCTAIL11 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-0g8 | 8760 
WOCTAIL12 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79£-08 | 8760 


WOCTAIL13 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 


WOCTAILI 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 


WOCTAIL14 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-0g8 | 8760 
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Modeled Emission Rates (g/s) 


SO, Annual 
Hours 


co NOx PMio PMs 


1-hr and 
8-hr 1-hr Annual? 24-hr 24-hr Annual? 1-hr 24-hr Annual* 


Source ID 

WOCTAIL15 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91£-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 
WOCTAIL16 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
WOCTAIL17 6.88E-06 | 8.40E-06 | 8.40E-06 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 


8.40E-06 | 9.11E-07 | 4.91E-07 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 

8.40E-06 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 

9.116-07 | 4.916-07 

WOCTAIL21 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 2.79E-08 | 8760 

2.796-08 | 2.79E-08 | 2.796-08 | 8760 

9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 
6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11£-07 | 4.91£-07 


WOCTAIL24 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
WOCTAIL25 6.88E-06 | 8.40E-06 | 8.40E-06 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-0g | 8760 


9.11E-07 | 4.916-07 | 4.91€-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 8760 
WOCTAIL27 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 8760 
8.40E-06 | 8.40E-06 | 9.11£-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 
8.40E-06 | 8.40E-06 | 9.116-07 | 4.916-07 2.79E-08 
WOCTAIL30 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 4.91E-07 
4.91E-07 2.79E-08 


WOCTAIL31 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 4.91E-07 | 2.79E-08 
WOCTAIL32 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 2.79E-08 | 8760 
2.79E-08 


WOCTAIL33 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 
WOCICETAIL1 6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 | 4.91E-07 | 4.91E-07 | 2.79E-08 | 2.79E-08 | 2.79E-08 
6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 2.79E-08 | 2.79E-08 


WOCICETAIL2 2 4.91E-07 | 4.91E-07 | 2.79E-08 
6.88E-06 | 8.40E-06 | 8.40E-06 | 9.11E-07 2019-087 |82-79E-08 
8.40E-06 | 8.40E-06 | 9.11E-07 


4.91E-07 


2.79E-08 
2.79E-08 


2.79E-08 
2.79E-08 
2.79E-08 
2.79E-08 
2.79E-08 


WOCICETAIL3 4.91E-07 | 4.91£-07 | 2.79E-08 
6.88E-06 4.91£-07 4916.07 | 2.79E-08 
WCFTAIL1 1.11£-05 | 1.35E-05 | 1.35€-05 
WCFTAIL2 1116-05 | 1.35E-05 | 1.35£-05 


7.91E-07 | 7.91E-07 | 4.48E-08 
7.91E-O7 | 7.91E-07 | 4.48E-08 | 4.48E-08 | 4.48E-08 
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Modeled Emission Rates (g/s) 


00. NOy eM | PM ee eh Annual 
1-hr and — i | : | Hours 


8-hr 1-hr 
WCFTAIL3 1.11E-05 7.91E-07 | 4.48E-08 | 4.48E-08 | 4.48E-08 | 8760 
WCFTAIL4 1.11E£-05 | 1.35E-05 7.91E-07 | 4.48E-08 | 4.48E-08 | 4.48E-08 | 8760 
WCFTAIL6 1.11E-05 7.91E-07 | 7.91E-07 8760 
WCFTAIL7 1.11E-05 | 1.35E£-05 | 1.35E-05 | 1.47E-06 | 7.91E-07 | 7.91E-07 | 4.48E-08 | 4.48£-08 | 4.48E-08 | 8760 


WCFTAIL8 1.11£-05 | 1.35£-05 | 1.35E-05 | 1.47E-06 | 7.91E-07 | 7.91E-07 | 4.48E-08 | 4.48E-08 | 4.48E-08 | 8760 


Source ID 


‘Annual? ——-24-hr 24-hr Annual? 1-hr  24-hr ——s Annual? 


WCFTAIL12 1.35E-05 | 1.35€-05 7.91E-07 | 7.91E-07 8760 
WCFTAIL13 1.11£-05 | 1.35E-05 | 1.35E-05 | 1.47E-06 | 7.91E-07 | 7.91£-07 | 4.48E-08 | 4.48E-08 8760 
WCFTAIL14 1.35E-05 | 1.47E-06 | 7.91£-07 8760 
WCFTAIL15 1.11E-05 | 1.35E-05 | 1.35E-05 | 1.47E-06 | 7.91£-07 | 7.91E-07 | 4.48E-08 | 4.48E-08 | 4.48£-08 | 8760 
WCFTAILI6 wee 
WCFTAILI7 ee 


B10 
werralig _| 1.116-05 | 1.35€-05 | 1.35605 st 


WCFICETAIL1 1.11E-05 | 1.35£-05 | 1.35E-05 1.47E-06 | 7.91E-07 | 7.91E-07 | 4.48E-08 8760 
WCFICETAIL2 1.11E-05 | 1.35E-05 | 1.35E-05 | 1.47£-06 | 7.91£-07 7.91E-07 | 4.48E-08 4.48E-08 | 4.48E-08 | 8760 
7.91E-07 | 7.91£-07 | 4.48E-08 8760 
7.91E-07 | 7.91E-07 8760 
1.41£-03 | 9.74E-04 8760 
1.41£-03 | 9.74E-04 8760 


1.41E-03 | 9.74E-04 | 6.79E-05 | 6.79E-05 | 4.69E-05 | 8760 
1.41E-03 | 9.74E-04 | 6.79E-05 | 6.79E-05 | 4.69E-05 | 8760 


1.35E-05 | 1.35E-05 | 1.47E-06 


1.35E-05 | 1.35E-05 | 1.47E-06 
1.04E-02 | 2.59E-02 | 1.79E-02 | 1.46E-03 
1.46E-03 
1.46E-03 
1.796-02 | 1.46€-03 
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Modeled Emission Rates (g/s) 


co NOx - PMhio PMs SO; Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual! 1-hr 24-hr Annual? 


4380 
4380 
4380 
2 Sie eee ee 
0.00E+00 | 0.00E+00 | 0.00E+00 | 6.86E-04 | 6.62E-05 | 6.62E-05 | 0.00E+00 | 0.00E+00 4380 


1MFUGD6 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.86E-04 | 6.62E-05 | 6.62E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


Source ID 


1MFUGD7 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.86E-04 | 6.62E-05 | 6.62E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
1MFUGD8 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.86E-04 | 6.62E-05 | 6.62E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


Bp! 
6.336-05 4380 
0.006+00 | 6.556-04 | 6.336-05 4380 
ee eee 
2MFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.55E-04 | 6.33E-05 | 6.33E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


ue 


0.00E+00 Oe 
4380 
3MFUGD3 0.00£+00 4380 
3MFUGD4 0.00E+00 5.07E-05 | 5.07E-05 | 0.00E+00 | 0.00E+00 
oe 
3MFUGDE 


3MFUGD7 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.07E-04 | 5.07E-05 | 5.07E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 


.OOE- i 4380 
WCFMFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
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Modeled Emission Rates (g/s) _ 


Source ID 


co 
1-hr and 


NOx 


» Annual? 


PMio 


PMs 


ie 24-hr | “Annual? 


-S0> 


8-hr 1-hr 24-hr 1-hr 24-hr Annual? 
WCFMFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD5 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 ee 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD6 0.00E+00 | 0.00E+00 | 0.00£+00 ba.07e-04 | 2.00E-05 ea ae 0.00E+00 | 0.00E+00 | 4380 
| WCFMFUGD? 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 mere 0.00E+00 | 4380 
WCFMFUGD8 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.076-04 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 : 
WCFMFUGD9 0.00E+00 | 0.00E+00 | 0.00E+00 Seal TE 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD10 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 ROE ACES HERE 0.00E+00 | 0.00E+00 | 0.00E+00 en 
WCFMFUGD11 eee 0.00E+00 peat 2.07E-04 | 2.00€-05 2.00E-05 | 0.00E+00 | 0.00£+00 ooteeo | 
/wermrusou2 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 Pa al 0.00E+00 | 0.00€+00 4380 
WCFMFUGD13 Pika 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD14 0.00E+00 eats 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 | 0.00E+00 0.00E+00 | 0.00E+00 4380 
WCFMFUGD15 0.00E+00 0.006400 | 0.006+00 2.07E-04 SEEM EERE 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
| WCFMFUGD16 0.008+00 | 0.006400 oonEo 2.076-04 | 2.0005 2.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 1380 | 
WCFMFUGD17 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 ta 0.00E+00 o.00E+00 | 4380 
[onatrane 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.07E-04 | 2.00E-05 2.008-05 | 0.008100 0.00E+00 | 0.00E+00 | 4380 5 
WCFMFUGD19 eee 0.00E+00 | 2.07E-04 | 2.00E-05 | 2.00E-05 0,006+00 | 0.006400 | 0.00E+00 | 4380 
eae ‘[o.00€+0o 0.00E+00 | 0.00E+00 | 1.19E-04 1156-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD2 0.00E+00 | 0.00E+00 eel 1.19E-04 (eens 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 7 
WOCMFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 00600 | 0.00¢+00 | 0.00E+00 | 4380 _ 
WOCMFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD5 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD6 0.00E+00 | 0.00E+00 | 1.19E-04 CEE NEEE 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD7 0.00E+00 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD8 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19£-04 nee Re 0.00E+00 | 4380 
WOCMFUGD9 0.00E+00 0.00E+00 | 1.19E-04 | 1.15E-05 Egeie | aigaeatn | anew 0.00E+00 | 4380 
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Modeled Emission Rates (g/s) 


(ee) NOx PMio PMb.s5 SO, Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual* 1-hr 24-hr Annual’ 


aga 
a 
3320 
ED 
ee 


Source ID 


ED 
4380 
WOCMFUGD17 0.00 +00 gE 
ee 


ee ee 
WOCMFUGD20 __| 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 4380 
WOCMFUGD21 ‘tee 
WOCMFUGD22 __| 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 4380 
a 


WOCMFUGD24 0.006+00 4380 
wocmFuGp25 _| 0.00E+00 | 0.00€+00 4380 
WOCMFUGD26 _| 0.00E+00 4380 
oe ee 
WOCMFUGD28 ‘| 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD29__| 0.00E+00 4380 
WOCMFUGD30 __| 0.00E+00 | 0.00E+00 | 0.00E+00 4380 


a 


WOCMFUGD31 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD32 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


WOCMFUGD33 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.19E-04 | 1.15E-05 | 1.15E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 4380 
: 7.60E-04 


MINEMFUGDi 0.00E+00 | 0.00E+00 | 0.00E+00 


7.60E-05 | 7.60E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
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Modeled Emission Rates (g/s) 


Source ID oe Na NORE. ee ns : ce SOs Annual 


_ I-hr and oo ee . es : a : Hours 
8-hr 1-hr Annual? =—s--.24-hr_~—s24-r Annual! 1-hr 24-hr ~—s Annual? 


MINEMFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.60E-04 | 7.60E-05 | 7.60E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
MINEMFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.60E-04 | 7.60E-05 | 7.60E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
MINEMFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.60E-04 | 7.60E-05 | 7.60E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 


1.33E-06 
1.33E-06 


2GRVLNR1 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 1.24E-O7 | 1.24E-07 | 1.07E-07 | VARIES 
2GRVLNR2 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 1.24E-O7 | 1.24E-07 | 1.07E-07 | VARIES 
2GRVLNR3 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 | 1.33E-06 | 1.24E-O07 | 1.24E-07 | 1.07E-07 | VARIES 


2GRVLNR4 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 | 1.33E-06 | 1.24E-07 | 1.24E-07 | 1.07E-07 | VARIES 
3GRVLNR1 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 | 1.33E-06 | 1.24E-07 | 1.24E-07 | 1.07E-07 | VARIES 
3GRVLNR2 1.16E-05 | 3.03E-05 | 2.60E-05 | 1.59E-06 | 1.54E-06 | 1.33E-06 | 1.24E-07 | 1.24E-07 | 1.07E-07 | VARIES 


3GRVLNR3 P46E-05" |) 3:03E-05" | -2.60E-05 | L.59E-06. | 1-54E-06. |) 1336-06 |) 1:24E-07 |) 1246-07" | 1.07E-07_ | VARIES 
3GRVLNR4 1.16E-05 | 3.03E-05 | 2.60E-05 | 1596-06 | 154-06 1.33E-06 | 1.24E-07 | 1.24E-07 | 1.07E-07 | VARIES 


ICEPDNRHCE 3.73E-02 | 1.02E-01 | 9.38E-02 | 4.85E-03 | 4.71E-03 | 4.33E-03 | 1.70E-04 | 1.70E-04 | 1.56E-04 | 2492.952 
ICEPDNROS1 4.99E-04 5.79E-05 


1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 2.27E-065 | 2.27065 |52.09E-06) |92492.952 
ICEPDNROS2 4.99E-04 


1-36E-03 -| 1:25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05: | 2.27E-06. | 2.27E-06 | 2.09E-06 | 2492.952 


ICEPDNROS3 4.99E-04 | 1.36E-03 | 1.25E-03 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 
ICEPDNROS4 4.99E-04 | 1.36E-03 | 1.25E-03 6.29E-05 | 5.79E-05 | 2.27E-06 
ICEPDNROSS 4.99E-04 6.49E-05 | 6.29E-05 2.27E-06 | 2.27E-06 
ICEPDNROS6 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS7 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09£-06 | 2492.952 
ICEPDNROS8 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 2.27E-06 
ICEPDNROS9 4.99€-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 


ICEPDNROS10 4-99E-04 »|-1-36E-03 | 1:25E-03 |°6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06. | 2492.952 
ICEPDNROS11 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 


ICEPDNROS12 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS13 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
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Modeled Emission Rates (g/s) 


co NOx PMio PM25 SO, Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annualt 1-hr 24-hr Annual* 


ICEPDNROS14 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS15 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS16 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 


ICEPDNROS17 4.99E-04 | 1.36E£-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 2.27E-06 
ICEPDNROS18 4.99E-04 | 1.36E£-03 | 1.25E-03 | 6.49E-05 


Source ID 


2.27E-06 | 2.09E-06 | 2492.952 
2.27E-06 | 2.09E-06 | 2492.952 


DW/9E-05 


6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27£-06 | 2.09E-06 | 2492.952 
6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 2492.952 
6.29E-05 2.27E-06 2.09E-06 | 2492.952 
1.25E-03 | 6.49E-05 


5. /9E-05 2.27E-06 
6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS22 4.99E-04 | 1.36E-03 6.29E-05 | 5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 


1.25E-03 2.27E-06 | 2.09€-06 | 2492.952 
ICEPDNROS24 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27£-06 | 2.27£-06 | 2.09E-06 | 2492.952 
1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS26 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
6.49E-05 | 6.29E-05 
1.36E-03 6.49E-05 | 6.29E-05 
ICEPDNROS29 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 
ICEPDNROS30 4.99E-04 1.25E-03 | 6.49E-05 | 6.29E-05 
ICEPDNROS31 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 
ICEPDNROS32 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 


ICEPDNROS33 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 
ICEPDNROS34 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 


5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 nee 
5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
5.79E-O5 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 


5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 


ICEPDNROS35 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 
ICEPDNROS36 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 


ICEPDNROS37 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 
ICEPDNROS38 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 


6.29E-05 
6.29E-05 


5.79E-05 
52/9E-05 


2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
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Source ID 


co 


1-hr and 
8-hr 


NOx 


1-hr 


Annual* 


Modeled Emission 
PMio 


24-hr 24-hr 


Rates (g/s) 
—PMas 


~ Annual? 


SO, 


1-hr 24-hr 


October 2022 


| Annual 
Hours 


Annual? 


ICEPDNROS39 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49€-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS4O 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49€-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNROS41 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27£-06 | 2.27£-06 | 2.09E-06 | 2492.952 
ICEPDNROS42 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27£-06 | 2.27E-06 | 2.09£-06 | 2492.952 
ICEPDNROS43 4.99E-04 | 1.36E-03 | 1.25E-03 | 6.49E-05 | 6.29E-05 | 5.79E-05 | 2.27E-06 | 2.27E-06 | 2.09E-06 | 2492.952 
ICEPDNRIOS1 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS2 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34£-04 | 1.316-05 | 1.31E£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS3 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34£-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS4 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOSS 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS6 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS7 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS8 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS9 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34£-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS10 3.34E-04 | 1.31€-05 | 1.31£-05 | 1.20£-05 | 2492.952 
ICEPDNRIOS11 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS12 2.87E-03 | 7.85€-03 | 7.23E-03 | 3.74E-04 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS13 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS14 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS15 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS16 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS17 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS18 3.34E-04 | 1.31£-05 | 1.316-05 | 1.20€-05 | 2492.952 
ICEPDNRIOS19 7.23E-03 3.63E-04 | 3.34£-04 | 1.31£-05 | 1.31£-05 | 1.20€-05 | 2492.952 
ICEPDNRIOS20 2.87£-03 | 7.85£-03 | 7.236-03 | 3.74E-04 | 3.63E-04 | 3.34£-04 | 1.31£-05 | 1.31€-05 | 1.20E-05 | 2492.952 
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Modeled Emission Rates (g/s) 


co Ox PMhio PM2.5 SO2 Annual 


1-hr and Hours 
8-hr 1-hr Annual* 24-hr 24-hr Annual! 1-hr 24-hr Annual 


1,316-05 | 1.316-05 | 1.206-05 
1,316-05 | 1.316-05 | 1.206-05 
3.74E-04 | 3.63E-04 | 3.34£-04 | 1.31£-05 1.20E-05 
3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31E-05 | 1.20E-05 
3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 


Source ID 


1.316-05 | 1.20€-05 
3.636-04 | 3.346-04 | 1.316-05 
ICEPDNRIOS29 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 


ICEPDNRIOS30 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34€-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS31 2.87E-03 | 7.85E-03 | 7.23E-03 274608 | 3.63E-04 | 3.34£-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS32 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS33 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31£-05 | 1.31£-05 | 1.20E-05 | 2492.952 
ICEPDNRIOS34 7.85E-03 | 7.23E-03 RCO 3.34E-04 | 1.31£-05 1.20E-05 
7.85E-03 | 7.23E-03 | 3.74£-04 | 3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31E-05 | 1.20E-05 | 2492.952 
7.23E-03 | 3.74€-04 | 3.63E-04 | 3.34€-04 | 1.31E-05 | 1.31£-05 | 1.20E-05 | 2492.952 
7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31£-05 | 1.20E-05 | 2492.952 
3.63E-04 net cae 1.31E-05 | 1.20E-05 | 2492.952 


ICEPDNRIOS38 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 
| ICEPDNRIOS39 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 | 3.63E-04 | 3.34E-04 131605 | 131605 1.20E-05 | 2492.952 
3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31E-05 | 1.20E-05 | 2492.952 
3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31E-05 | 1.20E-05 | 2492.952 


| ICEPDNRIOS40 2.87E-03 | 7.85E-03 | 7.23E-03 | 3:74E-04 
3.63E-04 | 3.34E-04 | 1.31E-05 | 1.31E-05 | 1.20E-05 


2492.952 
2492.952 


ICEPDNRIOS42 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 
ICEPDNRIOS43 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 


ICEPDNRIOS41 2.87E-03 | 7.85E-03 | 7.23E-03 | 3.74E-04 
3.63E-04 | 3.34E-04 | 1.31E£-05 | 1.31E-05 | 1.20E-05 


ICEPDNRPIP1 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP2 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
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Modeled Emission Rates (e/s) bee 

co NOx PMho PM25_ fee SO Annual 
1-hr and se Gael Ls i poe 

8-hr 1-hr Annual’ =—s-.24-hr_ =——s24-hr~—S Annual’~—_.1-hr 24-hr ——_ Annualt 


Source ID 
Hours 


ICEPDNRPIP3 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP4 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-O5 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP5S 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP6 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP7 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP8 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP9 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP10 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 2492.952 
ICEPDNRPIP11 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP12 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP13 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP14 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP15 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP16 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP17 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP18 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP19 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 1.47E-05 2492.952 
ICEPDNRPIP20 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 1.47E-05 2492.952 
ICEPDNRPIP21 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 1.47E-05 2492.952 


ICEPDNRPIP22 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 1.47E-05 2492.952 


cal 


id 


i 


1.47E-05 
1.47E-05 
1.47E-05 


1.35E-05 


ICEPDNRPIP23 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 


ICEPDNRPIP24 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 
ICEPDNRPIP25 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 


ICEPDNRPIP26 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP27 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
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Modeled Emission Rates (g/s) 
co NOx PMhio PM.5 SO2 Annual 


1-hr and | Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual? 1-hr 24-hr Annual* 


ee ee 
ICEPDNRPIP29 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 
ICEPONRPIP30 
fe Se 
ICEPDNRPIP32 3.23603 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 


ICEPDNRPIP33 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP34 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35£-05 | 2492.952 
ICEPDNRPIP36 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 


ICEPDNRPIP35 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP37 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP38 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 


Source ID 


ICEPDNRPIP41 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 ; 1.47E-05 | 1.35E-05 
ICEPDNRPIP42 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 


ICEPDNRPIP43 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 
ICEPDNRHDD1 1.42E-02 | 3.88E-02 | 3.58E-02 | 1.85E-03 | 1.79E-03 | 1.65E-03 | 6.47E-05 


iS DE-Oom E24 920952 


5.96E-05 | 2492.952 


1.47E-05 
6.47E-05 


ICEPDNRPIP39 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05 | 2492.952 
ICEPDNRPIP40 3.23E-03 | 8.82E-03 | 8.12E-03 | 4.20E-04 | 4.07E-04 | 3.75E-04 | 1.47E-05 | 1.47E-05 | 1.35E-05_ | 2492.952 
2 4.07E-04 | 3.75E-04 | 1.47E-05 2492.952 


ICEPDNRHDD2 126E-028 53. 45E-025 3 1SE-020 | 64 E-03 8s S9E-0S5 R47 E-03 5 |fos/5E-05 ito. E-05mino.29E-05 | n24920952 
ICERDNR1 1.34E-03 | 1.56E-03 | 1.35E-04 | 1.74E-04 | 1.69E-04 | 1.46E-05 | 6.10E-06 | 6.10E-06 | 5.27E-07 | 576.8895 


ICERDNR2 1.34E-03 | 1.56E-03 | 1.35E-04 | 1.74E-04 | 1.69E-04 | 1.46E-05 | 6.10E-06 | 6.10E-06 | 5.27E-07 | 576.8895 
1.69E-04 6.10E-06 | 6.10E-06 | 5.27E-07 | 576.8895 
ICERDNR4 1.34E-03 | 1.56E-03 | 1.35E-04 | 1.74E-04 2 


1.69E-04 6.10E-06 | 6.10E-06 

PIPNR1 1.56E-05 | 5.58E-05 | 4.04£-05 | 2.39E-06 | 2.32E-06 | 1.67E-06 | 1.77E-07 | 1.77E-07 | 1.26E-07 
PIPNR2 1.56E-05 4.04€-05 | 2.396-06 
1.56E-05 | 5.58E-05 | 4.04E-05 | 2.39E-06 | 2.32€-06 | 1.67E-06 | 1.77E-07 | 1.77E-07 | 1.26E-07 


PIPNR3 
Final Supplemental Environmental Impact Statement Page I-76 


i 


ICERDNR3 1.34E-03 | 1.56E-03 | 1.35E-04 


1.74E-04 


Willow Master Development Plan 


Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Modeled Emission Rates (g/s) 


Source ID _ ae NOx = Pe PM 2 PMs SOz Annual 
1-hr and Sal oe ms : Hours 
8-hr 1-hr — Annual? 24-hr =—s-.24-hr_ ~—s Annualt’’—1-hr_ 24-hr ——s Annual? 
PIPNR4 1.56E-05 | 5.58E-05 | 4.04E-05 | 2.39E-06 | 282608 1.67E-06 | 1.77E-O7 | 1.77E-O7 | 1.26E-07 | VARIES 
VSMNR1 T4736-06 1.26E-O5 | 1.17E-05 | 6.70E-07 | 6.50E-07 | 6.42E-07 | 2.45E-08 | 2.45E-08 | 2.18E-08 | VARIES 4 
| VSMINR2 a aEST ce 1.17E-05 | 6.70E-O7 | 6.50E-07 | 6.42E-07 | 2.45E-08 | 2.45E-08 | 2.18E-08 | VARIES 
VSMNR3 4.73E-06 | 1.26E-05 | 1.17E-05 6708-07 | 6506-07 6.42E-07 | 2.45E-08 | 2.45E-08 | 2.18E-08 | VARIES 
VSMNR4 4.73E-06 | 1.26E-05 | 1.17E-05 | 6.70E-07 | 6.50E-07 LER 2.45E-08 | 2.45E-08 | 2.18E-08 | VARIES 
FBROPNR1 2.28E-06 | 3.78E-06 Basie 3.00E-07 | 2.91E-O7 | 1.00E-07 | 7.91E-09 | 7.91E-09 | 4.66E-09 | VARIES 
FBROPNR2 eee 3.78E-06 | 2.84E-06 | 3.00E-07 eae 1.00E-07 | 7.91E-09 | 7.91E-09 CE 
FBROPNR3 2.28E-06 | 3.78E-06 | 2.84E-06 | 3.00E-07 eral 1.00E-07 | 7.91E-09 | 7.91E-09 | 4.66E-09 | VARIES | 
FBROPNR4 ipa 3.78E-06 | 2.84E-06 ora Paar ucear [nea [owes Lact VARIES 
2PADNR1 1.60E-02 | 4.17E-02 | 3.58E-02 | 2.19E-03 | 2.13E-03 | 1.83E-03 | 1.71E-04 | 1.71E-04 | 1.47E-04 | VARIES 
2PADNR2 1.60E-02 esl 2.19E-03 | 2.13E-03 | 1.83E-03 | 1.71E-04 | 1.71E-04 | 1.47E-04 | VARIES 
2PADNR3 1.60E-02 | 4.17E-02 | 3.58E-02 | 2.19E-03 | 2.13E-03 | 1.83E-03 | 1.71E-04 | 1.71E-04 | 1.476-04 VARIES 
| 2PADNR4 1.60E-02 4.176-02 | 3.586-02 2.19E-03 | 2.13E-03 | 1.83E-03 | 1.71E-04 | 1.71E-04 | 1.47E-04 | VARIES 
3PADNR1 1.48E-02 [anes Sa eee 1.97E-03 | 1.70E-03 | 1.59E-04 poe el 1.37E-04 | VARIES 
3PADNR2 1.48E-02 | 3.87E-02 | 3.33E-02 | 2.04E-03 | 1.97E-03 | 1.70E-03 | 1.59E-04 | 1.59E-04 | 1.37E-04 | VARIES 
Ta 1.48E-02 | 3.87E-02 | 3.33E-02 | 2.04E-03 | 1.97E-03 | 1.70E-03 | 1.59E-04 | 1.59E-04 | 1.37E-04 eT 
3PADNR4 1.48E-02 | 3.87E-02 | 3.33E-02 | 2.04E-03 | 1.97E-03 | 1.70E-03 eset 1.59E-04 | 1.37E-04 | VARIES 
MINENR1 1.48E-02 ; 3.45E-02 | 2.02E-02 | 2.03E-03 | 1.97E-03 | 1.24E-03 | 8.35E-05 | 8.35E-05 ses VARIES 
MINENR2 1.48E-02 | 3.45E-02 | 2.02E-02 | 2.03E-03 see 1.24E-03 [asscos [asseos [asseo VARIES 
MINENR3 1.48E-02 | 3.45E-02 | 2.02E-02 | 2.03E-03 | 1.97E-03 | 1.24E-03 | 8.35E-05 | 8.35E-05 | 4.53E-05 | VARIES 
MINENR4 1.48E-02 | 3.45E-02 | 2.02E-02 2036-03 | 1976.03 1.24E-03 -| 8.35E-05 | 8.35E-05 | 4.53E-05 | VARIES 
Tne 1.48E-02 2.02E-02 | 2.03E-03 | 1.97E-03 | 1.24E-03 | 8.35E-05 | 8.35E-05 | 4.53E-05 [varies _| 
MINENR6 2.02E-02 | 2.03E-03 | 1.97E-03 | 1.24E-03 | 8.35E-05 | 8.35E-05 | 4.53E-05 | VARIES 
MINENR7 1.48E-02 | 3.45E-02 | 2.02E-02 | 2.03E-03 | 1.97E-03 | 1.24E-03 | 8.35E-05 | 8.35E-05 | 4.53E-05 | VARIES 
MINENR8 1.48E-02 | 3.45E-02 | 2.02E-02 | 2.03E-03 mee 1.24E-03 | 8.35E-05 | 8.35E-05 4.53E-05 | VARIES 
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. Modeled Emission Rates (g/s) 
co NOx PMio PM2.5 SO2 Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr = Annual’ ——s1-hr 24-hr Annual? 


MINENR9 2.02E-02 | 2.03E-03 | 1.97E-03 VARIES 
2PADOHT1 2.90E-03 | 2.81£-03 | 1.94E-03 1512 
2PADOHT2 2.90E-03 | 2.81£-03 | 1.94E-03 | 1.35E-04 | 1.35E-04 1512 
2PADOHT3 3.56E-02 | 2.90£-03 | 2.81£-03 | 1.94£-03 | 1.35E-04 | 1.35E-04 1512 
2PADOHT4 3.56E-02 | 2.90E-03 1.94E-03 | 1.35E-04 | 1.35E-04 | 9.34£-05 | 1512 


Source ID 


3PADOHT1 3.83E-02 | 3.12E-03 1.46E-04 | 1.46£-04 1512 
3PADOHT2 3.03E-03 | 2.09E-03 | 1.46E-04 | 1.46E-04 1512 
3PADOHT3 5.55E-02 3.03E-03 1.46E-04 1512 
3PADOHT4 3.83E-02 | 3.12E-03 2.09E-03 | 1.46E-04 1512 
1.39E-07 1512 
9.58E-08 


2GRVLOHT1 3.65E-05 | 2.97E-06 | 2.88E-06 | 1.99E-06 | 1.39E-07 : 

2GRVLOHT2 2.11£-05 | 5.29E-05 | 3.65E-05 | 2.97E-06 | 2.88E-06 | 1.99E-06 | 1.39E-07 1512 

2GRVLOHT3 2.97E-06 | 2.88E-06 | 1.99E-06 | 1.39E-07 1512 
3.65E-05 1.39E-07 | 1.39E-07 


9.58E-08 


2GRVLOHT4 DAMM EOs) |) 5 ASIEAUS 2.97E-06 1.99E-06 9.58E-08 | 1512 
2.97E-06 | 2.88E-06 | 1.99E-06 | 1.39E-07 | 1.39E-07 | 9.58E-08 | 1512 
2.88E-06 | 1.99E-06 | 1.39E-07 | 1.39E-07 | 9.58E-03 | 1512 


2.88E-06 | 1.99E-06 | 1.39E-07 | 1.39E-07 
2-88E-06m| pl 99E-06 5s 3 9E-07 


9.58E-08 
1.39E-07 | 9.58E-08 


1512 
1512 


3GRVLOHT3 2eVTE-O5" |\5-29E-055 93: 65E-05) | -2-97E-06 
3GRVLOHT4 ZaE-O5iy |ho-29E-05 5 |f3:05E-055 e2-97E-06 


3GRVLOHT2 


MINEOHT1 OMIGE-OSme2-29E-028 Meo sk-02 1-25E-03 | 8.62E-04 | 6.01E-05 | 6.0TE-05 | 4:15E-05 | 1512 
MINEOHT2 9.16E-03 | 2.29E-02 | 1.58E-02 | 1.29E-03 | 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
MINEOHT3 ONIGE-035|02-29E-025 (MS SE-02 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 


MINEOHT4 9.16E-03) | 2-29E-02 |) 1. 58E-02 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
MINEOHT5 OFIGE-030|02529E-025 eo SE-02 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
MINEOHT6 9.16E-03 | 2.29E-02 | 1.58E-02 | 1.29E-03 | 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 


MINEOHT7 9.16E-03 | 2.29E-02 | 1.58E-02 | 1.29E-03 | 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
MINEOHT8 9.16E-03 | 2.29E-02 | 1.58E-02 | 1.29E-03 | 1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
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Modeled Emission Rates (g/s) 


co NOx, PMio — PMas SO, Annual 


1-hr and Hours 
8-hr 


1-hr Annual? 24-hr 
1.58€-02 | 1.29E-03 
1.26E-01 | 1.05E-01 | 1.09E-02 


IOS EOL OSE-02 
WCFFACNR3 7-O/E-O2 0 \e2OE-Olm |e O5SE-015 er OSE-02 
WCFFACNR4 7.87E-02 | 1.26E-01 


IFOSE-O1 | PEOSE-02 
WLW2GEN deZ5E OU e2-2 SEO PSOE O25 73-03 


Source ID 


Annual? 1-hr 24-hr Annual! 


24-hr 
1.25E-03 | 8.62E-04 | 6.01E-05 | 6.01E-05 | 4.15E-05 | 1512 
9,14E-03 | 2.16E-04 | 2.16E-04 | 1.78E-04 | VARIES 
9.14E-03 | 2.16E-04 | 2.16E-04 | 1.78E-04 | VARIES 
- : - le - 


1.06E-02 é 
1.06E-02 : 


1.06E-02 | 9.14E-03 | 2.16E-04 | 2.16E-04 78E-04 | VARIES 


1.06E-O02 | 9.14E-03 | 2.16E-04 | 2.16E-04 | 1.78E-04 | VARIES 
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1.1.2 Scenario 2: BT1 Pre-Drill 


7) Gravel Roads 
Grave! Roads 30 Meter Buffer 
—— Grave! Roads Centerlines 


TORILLAHIA spRni pea 
IDRILLNMCPA | 
. \ 
\ 
1FRACENG1 pom th  — sorwicr2a 
4 IFRACENG2 sepia 
@ , 1FRACENGS 1DRILLNMTEA—@ 


1DRILLMPA——@ 


TDRILLAH2A 


IDRILLCPIA 


DRILLFLARE 
\ 1DRILLBIB + 
\ 1DRILLNMPGB 


{ De 
srvco sg IORNLCP2B * % FidRicunmnse — 
"ae 


‘imeucor po 4 DRILLNMLTB 
TTA? TAILS * ‘\. 1DRILLNMCPB 
e \ TORILLAH1B 


1MFUGDS {TAILA \. 1DRILLB28 
TDRILLAH2B 


RAMBGLL 


Figure 1.1-11. Alternative E Near-field Model Scenario 2 Source Locations at BT1. 
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Table 1.1-4. Alternative E Near-field Model Scenario 2 Emissions Source Descriptions and In-stack Ratios 


Source : Aes penis -NOx to NO2 


Source ID Type Source Description Ratio aes 


1DRILLPEA POINT Drill Rigs - Primary Power Engines A 0.1 Diesel tailpipe from non-road equipment 

1DRILLPEB POINT Drill Rigs - Primary Power Engines B 0.1 Diesel tailpipe from non-road equipment 

1IDRILLCP1A POINT Drill Rigs - Cement Pumping Unit #1 A 0.2 aj Diesel tailpipe from non-road equipment 
| 1DRILLCP1B _[ point Drill Rigs - Cement Pumping Unit #1 B = Or Diesel tailpipe from non-road equipment 

1DRILLCP2A POINT he Rigs - Cement Pumping Unit #2 A 0.2 Diesel tailpipe from non-road equipment | 
| apRILLcP2B POINT Drill Rigs - Cement Pumping Unit #2 B Kat Diesel tailpipe from non-road equipment 

1DRILLB1A POINT eT Rigs - Boiler #1 A 0.05 ee fueled heaters and boiler 7 
| 1DRILLB1B POINT Drill Rigs - Boiler #1 B Alche Diesel fueled heaters and boiler ni 

1DRILLB2A POINT Drill Rigs - Boiler #2 A 0.05 Diesel fueled heaters and boiler 

1DRILLB2B ~[romnt Drill Rigs - Boiler #2 B | 0.05 Slee fueled heaters and boiler 
Panna POINT ol Drill Rigs - Air Heater #1 A 0.05 Diesel fueled heaters and boiler 

1DRILLAH1B Fea Drill Rigs - Air Heater #1 B 0.05 [Diesel fueled heaters and boiler 
pee POINT aA Rigs - Air Heater #2 A 0.05 Diesel fueled heaters and boiler 

1DRILLAH2B POINT Drill Rigs - Air Heater #2 B __| 0.05 [diese fueled heaters and boiler =) 
| 1DRILLMPA POINT Drill Rigs - Mud Pit Heater A 0.05 Diesel fueled heaters and boiler 

1DRILLMPB POINT Drill Rigs - Mud Pit Heater B = [owe a Diesel fueled heaters and boiler 

1DRILLNMTEA POINT Drilling Non-Mobile Support Equipment - Total Engine A 0.1 Diesel tailpipe from non-road ae 

1DRILLNMTEB POINT Drilling Non-Mobile Support Equipment - Total Engine B —. 0.1 intel tailpipe from non-road equipment 
: ie Non-Mobile Support Equipment - Total Lighting Engine . 

1DRILLNMLTA POINT A 0.2 Diesel tailpipe from non-road equipment 

Drilling Non-Mobile Support Equipment - Total Lighting Engine 
1DRILLNMLTB POINT B 0.2 Diesel tailpipe from non-road equipment | 
ie Drilling Non-Mobile Support Equipment - Total Portable ive 
1DRILLNMPGA POINT Generators A 0.1 jess! tailpipe from non-road equipment 
Drilling Non-Mobile Support Equipment - Total Portable 
1DRILLNMPGB Bonn Generators B Shon Diesel tailpipe from non-road equipment 
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Source ID ee Source Description Sat NO2 


Type 
1DRILLNMCPA 


1DRILLNMCPB 


Drilling Non-Mobile Support Equipment - Total Portable 
Welders/Compressor Engine A 

Drilling Non-Mobile Support Equipment - Total Portable 
Welders/Compressor Engine B 

Drilling Non-Mobile Support Equipment - Portable Heaters & 
1DRILLNMHSA VOLUME Snow Melters 


Drilling Non-Mobile Support Equipment - Portable Heaters & 
1DRILLNMHSB VOLUME Snow Melters 0.05 Diesel tailpipe from non-road equipment 


1IFRACENG1 POINT Hydraulic Fracturing - Well Frac Engine 1 Diesel tailpipe from non-road equipment 
1FRACENG2 POINT Hydraulic Fracturing - Well Frac Engine 2 Diesel tailpipe from non-road equipment 


POINT 


Diesel tailpipe from non-road equipment 


POINT 0.1 Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


1FRACENG3 POINT Hydraulic Fracturing - Well Frac Engine 3 OR Diesel tailpipe from non-road equipment 
1DRILLFLARE POINT Drilling Well Flowback and Flaring - Total Flaring Emissions Flares 
1TAIL1 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAIL2 Pvowme_| Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAIL3 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAIL4 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAILS VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAIL6 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 

| 1TAIL7 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 
1TAIL8 VOLUME Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 


1TAIL9 
1MFUGD1 
1MFUGD2 
1MFUGD3 


VOLUME 
VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 
VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 
VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 


Drilling Mobile Equipment Tailpipe - BT1 Diesel tailpipe from on-road vehicles 


1MFUGD4 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 - 
IMFUGD5 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 - 
1MFUGD6 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 = 
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Source : : NOx to NO2 


October 2022 


Source ID Type Source Description Ratio 

1MFUGD7 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 

1MFUGD8 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 

1MFUGD9 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 - - 


Table 1.1-5. Alternative E Near-field Model Scenario 2 Emissions Stack Parameters 


; Release : Exit Release ; , 
Source Elevation Height Diameter Velocity Temperature SigmaY  SigmaZ 


Type (m) ajo (i) (m/s) (K) (m) (m) 


1DRILLPEA POINT 1368! 


1DRILLPEB 
1DRILLCP1A 
1DRILLCP1B 
1DRILLCP2A 
1DRILLCP2B 
1DRILLB1A 
1DRILLB1B 
1DRILLB2A 
1DRILLB2B 
1IDRILLAH1A 
1DRILLAH1B 
1IDRILLAH2A 


1DRILLAH2B POINT | 2.74 
1DRILLMPA POINT | 2.74 
1DRILLMPB 


Source ID 
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Source Elevation Bolan 
Source ID Height 


Type (m) (m) 
1DRILLNMTEA 
1DRILLNMTEB 


1DRILLNMLTA 
1DRILLNMLTB 


Diameter 


(m) 


Exit Release 


Velocity Temperature SigmaY  SigmaZ 


(m) (m) 


1DRILLNMPGA 
1DRILLNMPGB 


1DRILLNMCPA _ | POINT 
ADRILLNMCPB | POINT 
1DRILLNMHSA | VOLUME 


1DRILLNMHSB__| VOLUME | 2.74 
1FRACENG1 POINT | 2.74 
LERACENG2 __| POINT 


1DRILLFLARE 10.1 
TAIL 


ITAIL3 
ITAILA 


13:95 
- 13395 


0.356 
0.356 
0.3 


41.6 644 
palo gee | bse 


ITAILS 


LFRACENGS 


1TAIL7 VOLUME | 2.13 3.66 
1TAIL8 VOLUME | 2.13 3.66 


1TAILO VOLUME 


1MFUGD1 VOLUME 


1MFUGD2 VOLUME 
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Release 
Temperature 


WW) 


Exit 
Velocity 
(m/s) 


Release 
Height — 
()) 


Diameter 


(m) 


Elevation 


Source ID 


(m) 


1MFUGD3 
1MFUGD4 
1MFUGD5 


VOLUME 
VOLUME 
VOLUME 


IMFUGD6 VOLUME 
1MFUGD7 VOLUME 
1IMFUGD8 VOLUME | 2.13 


Alternative E Near-field Model Scenario 2 Emissions Rates 
Modeled Emission Rates (g/s) 
PMhio PMa2.5 


Table 1.1-6. 


Annual 
Hours 


co 
1-hr and 


NOx SO, 


Source ID 


8-hr 


1-hr 


Annual? 


24-hr 


24-hr 


Annual? 


1-hr 


24-hr 


Annual? 


3.21£+00 | 6.15£-01 | 6.15€-01 | 2.75E-02 | 2.75E-02 
3.21E+00 | 6.15E-01 | 6.15E-01 | 2.75E-02 | 2.75E-02 | 2.75E-02 | 4.74E-03 | 4.74£-03 | 4.74E-03 | 8760 
2.00E-02 | 1.14€-03 | 1.00E-03 5.71E-05 | 3.31E-04 ral 1.89E-05 

1DRILLCP1B 1.75E-01 | 2.00E-02 | 1.14£-03 [006-03 1.00E-03 | 5.71£-05 | 3.31£-04 | 3.31E-04 | 1.89E-05 
1DRILLCP2A 1.75E-01 | 2.00E-02 | 1.14E-03 | 1.00E-03 | 1.00E-03 | 5.71E-05 | 3.31£-04 | 3.31£-04 | 1.89E-05 

1DRILLCP2B 1.75E-01 | 2.00E-02 | 1.14E-03 1.00.03 | 1.00E-03 | 5.71E-05 | 3.31£-04 | 3.31E-04 | 1.89E-05 

1DRILLB1A 6.12E-02 6.2602 | 7.28603 6.51E-03 | 6.51E-03 | 6.51E-04 | 6.51£-04 | 6.51E-04 

6.12E-02 | 7.28E-03 | 6.51E-03 | 6.51E-03 acted 6.51E-04 
6.12E-02 | 7.28E-03 | 6.51E-03 6.51E-04 | 6.51E-04 | 8760 
6.12E-02 | 7.28E-03 | 6.51E-03 6.51E-04 | 6.51£-04 | 8760 
1DRILLAH1A 1.83E-02 | 7.30E-02 | 7.30E-02 | 8.69E-03 | 7.78E-03 | 7.78E-03 | 7.78E-04 | 7.78E-04 | 7.78E-04 | 8760 

| 1DRILLAH1B 1.83E-02 | 7.30E-02 | 7.30E-02 | 8.69E-03 | 7.78E-03 | 7.78E-03 | 7.78E-04 | 7.78E-04 | 7.78E-04 | 8760 
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Modeled Emission Rates (g/s) 
co NOx PMio PM2.5 SOz Annual 


1-hr and Hours 
8-hr 1-hr Annual? 24-hr 24-hr Annual* 1-hr 24-hr Annual! 


LDRILLAHZA 3.656-02 8760 
LDRILLAH28 3.65E-02 8760 


Source ID 


1DRILLMPA 5.48E-02 | 5.48E-02 | 6.52E-03 8760 
5.48E-02 | 6.52E-03 | 5.83E-03 8760 
5.61£-01 | 2.81£-02 2.81E-02 | 1.04E-03 8760 
5.61E-01 8760 
LDRILLNMILTA 8.20E-02 8.75E-03 8760 


1DRILLMPB 
1DRILLNMTEA 
1DRILLNMTEB 


1.37E-02 | 5.48E-02 


4.91E-01 | 5.61E-01 
4.91E-01 | 5.61E-01 


1DRILLNMLTB 7.22E-02 | 8.20E-02 | 8.20E-02 | 8.75E-03 | 8.75E-03 | 8.75E-03 | 7.24E-05 | 7.24E-05 | 7.24E-05 | 8760 
| 4.64E-05 | 4.64€-05 | 8760 


2.81E-03 8760 
8760 
8760 


8760 


1DRILLNMPGA 3.30E-02 | 3.30E-02 | 2.81£-03 2.81E-03 | 4.64E-05 

1DRILLNMPGB 3.51£-02 | 3.30€-02 | 3.30E-02 4.64E-05 | 4.64E-05 
1DRILLNMCPA 5.61£-02 | 5.61£-02 | 4.77E-03 | 4.77E-03 7.90E-05 
5.61E-02 | 4.77£-03 | 4.77£-03 | 4.77E-03 | 7.90E-05 
6.44E-02 | 1.02£-02 | 9.15£-03 | 6.86E-03 | 9.15€-04 


6.44E-02 | 1.02E-02 | 9.15E-03 | 6.86E-03 | 9.15E-04 


UOEWS) || WEWEOS 
J/-9OE-05))\)7-90E-05 
9.15E-04 | 6.86E-04 
9.15E-04 | 6.86E-04 | 8760 
4 U1E-O5e de s5E-05 561920 


3.78E-04 | 3.78E-04 | 1.24E-04 | 1920 
Pose08) || SSO} || SSO) || aisles) |) ae 
1.95E-02 | 4.79E-05 | 4.79E-05 


4.72E-06 | 1.16E-02 | 1.16E-O2 | 1.14E-03 | 864 
9.26E-06 | 1.80E-06 | 5 34¢-97 | 5.34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 8760 
9.26E-06 | 1.80E-06 | 5 34F-97 | 5.34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 8760 


9.26E-06 | 1-80E-06 | 5 346-97 | 5-34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 8760 


9.26E-06 | 1.80E-06 | 5 34¢-97 | 5.34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 8760 


6.76E-08 | 6.76E-08 | 6.76E-08 | 9760 


534-07 | 5-34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 9769 
5 34-07 | 5-34E-07 | 6.76E-08 | 6.76E-08 | 6.76E-08 | 9769 


1DRILLNMCPB 5:S/E-029 | 5-01 E-02 
1DRILLNMHSA AESOP || (ees) eO7 
1DRILLNMHSB AMEN, || sles 


1.24E-04 | 1.24£-04 | 4.09E-05 | 4.11E-05 


5.06E-04 


1FRACENG1 3.11E-02 | 2.49E-03 
1FRACENG2 1.79E-01 | 3.43E-02 
1FRACENG3 5.00E-01 
1DRILLFLARE 1.08E+00 | 1.98E-01 
1TAILL 5.34E-06 | 1.07E-05 


1TAIL2 5.34E-06 | 1.07E-05 
1TAIL3 5.34E-06 | 1.07E-05 


8.17E-04 
il gle 1.54E-03 
1.64E-01 | 2.24E-02 | 2.24E-02 


1TAIL4 5.34E-06 | 1.07E-05 
1TAILS 5.34E-06 | 1.07E-05 


1TAIL6 5.34E-06 | 1.07E-05 
1TAIL7 5.34E-06 | 1.07E-05 


9.26E-06 | 1-80E-06 | 5 34¢-97 | 5.34E-07 


9.26E-06 | 1-80E-06 


9.26E-06 | 1-80E-06 
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Modeled Emission Rates (g/s) 


co NOx PMio PMb.5 S0> 


Source ID 
1-hr and 
8-hr 1-hr Annual? 24-hr 24-hr 


Annual? 
1.80E-06 | 5.346-07 6.76E-08 | 6.76E-08 
Lye a 1.80E-06 | 5.34-07 | 5:346-07 6.76E-08 | 6.76E-08 
0.00€+00 | 0.00400 
1MFUGD2 3.13E-04 | 3.13E-04 | 9.00E+00 | 0.00E+00 | 0.00E+00 
1MFUGD3 0.00E+00 | 0.00+00 | 0.00E+00 | 3-24-03 | 3.13E-04 | 3.13E-04 | 9.99E+00 | 0.00E+00 | 0.00E+00 
0.00€+00 | 0.0000 
Tae | Sse 0.00 +00 | 0.006+00 


SoH ae | SAE 
3.246-03 | 3.13E-04 | 3.13E-04 | 0,00E+00 | 0.00E+00 | 0.00€+00 
3.24E-03 | 3.13E-04 | 3.13E-04 
0.00E+00 | 3:24E-03 | 3.13E-04 | 3.13E-04 | 9.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


1-hr 24-hr Annual* 
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1.1.3 Scenario 3: BT1/BT2 Pre-Drill 


, oa | Gravel Pads 
) Grave! Roads 

Grave! Roads 30 Meter Buffer 
——— Gravel Roads Centerlines 
—— Pipelines 


BT1 Pad 


BTIDRILLH2 


* 
BTIDRILLH1 


* TDRILLNMLTA 
IDRILLAHTA 


| IDRILLB2A 


TDRILLNMCPA 
\ | @——1DRILLAH2A 


TDRILLNMPGA 4 le 


r — 
1DRILLB1A +6 TORLLNMHSAILLCPZA 


ADRILLNMTEA —@ ) “ADRILLPEA © 
1DRILLMPA ——@ TDRILLCP 1A, 


Meters 


Figure 1.1-12. Alternative E Near-field Model Scenario 3 Source Locations at BT1. 
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Receptors CJ Grevei Pads 
* 10 Meter =) Gravel Roads 
© 25 Meter Grave! Roads 30 Meter Buffer 
100 Meter ——— Grave! Roads Centeriines 


. 
@ Drilling Point Sources —— Pipelines 


~ Drilling Volume Sources 


BT2 Pad 


2DRILLAH1A 
2DRILLNMCPA \ | 
y \ 4 
2DRILLNMPGA \ _ 2DRILLCP2A 
2FRACENG1 pe, oe 
{ + @ H 2ORLLNMHSA 
: pepe 2DRILLB1A © —2DRILLPEA, 
FM rablansc nga 2DRILLNMTEA \ 2DRILLNMLTA“ 


¢ 2DRILLMPA—@ noe 


2DRILLB2A 
\ 2DRILLAH2A 


2DRILLFLARE 
/ 


6 


ZTAILS 
ZTAILG _Povrucns 


Meters 


Figure 1.1-13. Alternative E Near-field Model Scenario 3 Source Locations at BT2. 
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Table |.1-7. 


Alternative E Near-field Model Scenario 3 Emissions Source Descriptions and In-stack Ratios 


NOx to 
Source 


Source ID Source Description NO2 Notes 
Type i 
Ratio 


1DRILLCP2A POINT Drill Rigs - Cement Pumping Unit #2 A 


2DRILLCP2A POINT Drill Rigs - Cement Pumping Unit #2 A 


1DRILLPEA POINT Drill Rigs - Primary Power Engines A 0.1 Diesel tailpipe from non-road equipment 
2DRILLPEA POINT Drill Rigs - Primary Power Engines A Diesel tailpipe from non-road equipment 
1DRILLCP1A POINT Drill Rigs - Cement Pumping Unit #1 A Diesel tailpipe from non-road equipment 
2DRILLCP1A POINT Drill Rigs - Cement Pumping Unit #1 A Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


1DRILLB1A POINT Drill Rigs - Boiler #1 A 


Diesel fueled heaters and boiler 


2DRILLB1A POINT Drill Rigs - Boiler #1 A 


Diesel fueled heaters and boiler 


1DRILLB2A POINT Drill Rigs - Boiler #2 A 
2DRILLB2A POINT Drill Rigs - Boiler #2 A 


Diesel fueled heaters and boiler 


Diesel fueled heaters and boiler 


Diesel fueled heaters and boiler 


Final Supplemental Environmental Impact Statement 


[aigiie | 
1DRILLAH1A POINT Drill Rigs - Air Heater #1 A a 
2DRILLAH1A | POINT Drill Rigs - Air Heater #1 A Diesel fueled heaters and boiler 
1DRILLAH2A | POINT Drill Rigs - Air Heater #2 A Diesel fueled heaters and boiler 
2DRILLAH2A Drill Rigs - Air Heater #2 A 0.05 Diesel fueled heaters and boiler 
ADRILLMPA Drill Rigs - Mud Pit Heater A 0.05 Diesel fueled heaters and boiler 
2DRILLMPA POINT Drill Rigs - Mud Pit Heater A 0.05 Diesel fueled heaters and boiler 
Drilling Non-Mobile Support Equipment - Total Engine A 0.1 Diesel tailpipe from non-road equipment 
2DRILLNMTEA | POINT Drilling Non-Mobile Support Equipment - Total Engine A 0.1 Diesel tailpipe from non-road equipment 
IDRILLNMLTA Drilling Non-Mobile Support Equipment - Total Lighting Engine A 0.2 Diesel tailpipe from non-road equipment 
Drilling Non-Mobile Support Equipment - Total Lighting Engine A 0.2 Diesel tailpipe from non-road equipment 
1DRILLNMPGA | POINT Drilling Non-Mobile Support Equipment - Total Portable Generators A 0.1 Diesel tailpipe from non-road equipment 
2DRILLNMPGA | POINT Drilling Non-Mobile Support Equipment - Total Portable Generators A On Diesel tailpipe from non-road equipment 
Drilling Non-Mobile Support Equipment - Total Portable Diesel tailpipe from non-road equipment 
1DRILLNMCPA Welders/Compressor Engine A 0.1 
Drilling Non-Mobile Support Equipment - Total Portable Diesel tailpipe from non-road equipment 
2DRILLNMCPA Welders/Compressor Engine A 0.1 
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Source 


Source ID 
Type 


NOx to 


NO2 


Source Description 
Ratio 


Drilling Non-Mobile Support Equipment - Portable Heaters & Snow 


October 2022 


Notes 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


VOLUME 
VOLUME 


1TAIL5S 
1TAIL6 
1TAIL7 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Drilling Mobile Equipment Tailpipe - BT1 


Drilling Mobile Equipment Tailpipe - BT1 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


1IDRILLNMHSA | VOLUME Melters 0.05 
Drilling Non-Mobile Support Equipment - Portable Heaters & Snow 

2DRILLNMHSA | VOLUME Melters 0.05 
POINT Hydraulic Fracturing - Well Frac Engine 1 0.1 
POINT Hydraulic Fracturing - Well Frac Engine 2 0.1 
Hydraulic Fracturing - Well Frac Engine 3 0.1 

1DRILLFLARE POINT Drilling Well Flowback and Flaring - Total Flaring Emissions OS Flares 

2FRACENG1 POINT Hydraulic Fracturing - Well Frac Engine 1 0.1 Diesel engines 
Hydraulic Fracturing - Well Frac Engine 2 Od Diesel engines 
Hydraulic Fracturing - Well Frac Engine 3 Diesel engines 
Drilling Well Flowback and Flaring - Total Flaring Emissions 0.5 Flares 
BT1 — Line Heater Natural gas heaters 
BT1 — Line Heater Natural gas heaters 
VOLUME Drilling Mobile Equipment Tailpipe - BT1 0.15 
VOLUME | Drilling Mobile Equipment Tailpipe - BT1 0.15 
VOLUME Drilling Mobile Equipment Tailpipe - BT1 0.15 
Drilling Mobile Equipment Tailpipe - BT1 OMS 
faTans 
Praia | 
Ea | 


~ | VOLUME 


VOLUME 


1TAIL8 


Drilling Mobile Equipment Tailpipe - BT1 


Diesel tailpipe from on-road vehicles 


Drilling Mobile Equipment Tailpipe - BT1 


Diesel tailpipe from on-road vehicles 


1TAIL9 
2TAILI 
2TAIL2 
2TAIL3 
2TAIL4 


VOLUME 


0.15 


Drilling Mobile Equipment Tailpipe - BT1 
Drilling Mobile Equipment Tailpipe - BT2 


Drilling Mobile Equipment Tailpipe - BT2 


Drilling Mobile Equipment Tailpipe - BT2 


Drilling Mobile Equipment Tailpipe - BT2 
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Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 
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Source ID 


2TAIL6E 


Source 
Type 


2TAILS VOLUME 


Source Description 


Drilling Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Drilling Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
1MFUGD1 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 - - 


1MFUGD2 VOLUME Drilling Mobile Equipment Fugitive Dust - BT1 


1MFUGD3 


1MFUGD5 
1MFUGD6 


1MFUGD4 


VOLUME 
VOLUME 
VOLUME 
VOLUME 


Drilling Mobile Equipment Fugitive Dust - BT1 


Drilling Mobile Equipment Fugitive Dust - BT1 


Drilling Mobile Equipment Fugitive Dust - BT1 


1MFUGD7 
1MFUGD8 


VOLUME 


Drilling Mobile Equipment Fugitive Dust - BT1 
Drilling Mobile Equipment Fugitive Dust - BT1 


VOLUME 


Drilling Mobile Equipment Fugitive Dust - BT1 


1MFUGD9 
2MFUGD1 


VOLUME 
VOLUME 


Drilling Mobile Equipment Fugitive Dust - BT1 


Drilling Mobile Equipment Fugitive Dust - BT2 


Drilling Mobile Equipment Fugitive Dust - BT2 


2MFUGD2 VOLUME 
2MFUGD3 VOLUME 


Drilling Mobile Equipment Fugitive Dust - BT2 


2MFUGD4 VOLUME Drilling Mobile Equipment Fugitive Dust - BT2 - - 
2MFUGD5 VOLUME Drilling Mobile Equipment Fugitive Dust - BT2 - - 
2MFUGD6 VOLUME Drilling Mobile Equipment Fugitive Dust - BT2 - - 
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Table 1|.1-8. Alternative E Near-field Model Scenario 3 Emissions Stack Parameters 


Release ¢ _ Exit | Release ; a 
Source ID Source Elevation Height - Diameter Velocity Temperature SigmaY SigmaZ 


Type (m) . (m) Eim/s) = (Ky Pig Ame 
1DRILLPEA 
2DRILLPEA POINT 
| ADRILLCP1A POINT 
2DRILLCP1A Ie 
1IDRILLCP2A POINT 
2DRILLCP2A POINT 
1DRILLB1A POINT 
2DRILLB1A 
1DRILLB2A 
2DRILLB2A POINT 
EADRIELADLA POINT 
2DRILLAH1A POINT 
| 1DRILLAH2A POINT 
2DRILLAH2A POINT 
ee POINT 
2DRILLMPA 
1DRILLNMTEA 
2DRILLNMTEA 
IDRILLNMLTA 
2DRILLNMLTA 
1DRILLNMPGA 
2DRILLNMPGA 
1DRILLNMCPA 
2DRILLNMCPA 
1DRILLNMHSA 
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Source Elevation cr Olameter: Release 
Source ID Height Velocity Temperature 


Type (m) (m) (m) (m/s) (kK) 


2oRLNMHSA | volume [2.74 [37 [-  [- f= 23.95 | 3.38 
1FRACENG1 0.356 41.6 644 — 
1FRACENG2 _| POINT 2.74 3.7 0.356 41.6 644 

1FRACENG3 3.7 0.356 41.6 
1DRILLFLARE 2.74 10.1 0.3 6.1 1033 


2FRACENG1 | POINT _| 2.74 3.7 0.356 41.6 
aracena2 | powr | 2.74 [3.7 [osse_ [are | oad 
644 
; 1033 


Sel : 

2FRACENG3 POINT 2.74 0.356 6 | et 
2DRILLFLARE POINT 2.74 10.1 0.3 6.1 

BT1IDRILLH1 POINT 0.94 orf, 529 
BT1DRILLH2 2.74 12.2 0.94 Dal: 529 

ITAILL HOTA bos. 3 aie ese 0 pe vee | SS | Ee [io 7 Bae 
1TAIL3 VOLUME 9.07 3.38 
1TAIL5 VOLUME 2r13 3.66 : 2 : 9.07 a0 


poe) 
com 
9.07 3.38 


1TAIL6 
1TAIL7 
1TAIL8 VOLUME 9.07 3.38 
1TAIL9 VOLUME 9.07 Soke 
2TAIL1 VOLUME 9.07 3.38 
2TAIL2 VOLUME 
2TAIL3 VOLUME 
2TAIL4 VOLUME 

| 2TAILS VOLUME 
2TAIL6 VOLUME 
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Release Exit Release 


Source ID hee at oe Height ho Velocity | Temperature ee - aye ee 
(m) (m/s) 


1MFUGD2 VOLUME | 2.13 
1MFUGD3 VOLUME 


1MFUGD5 VOLUME 
1MFUGD6 VOLUME 
1MFUGD7 VOLUME 


3.38 
9.07 Bios 


1MFUGD8 
1MFUGD9 VOLUME 
2MFUGD1 VOLUME 

| 2MFUGD2 VOLUME 


2MFUGD3 
2MFUGD4 


2MFUGD5 


2MFUGD6 


VOLUME 
VOLUME 
VOLUME 
VOLUME 
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Table 1.1-9. Alternative E Near-field Model Scenario 3 Emissions Rates 
Modeled Emission Rates (g/s) 


co PMio PMi.5 SO2 Annual 


1-hr and Hours 
8-hr 1-hr Annual* 24-hr 24-hr 


Annual? 1-hr 24-hr Annual? 
2.75€-02 4.746-03 | 8760 
2.75E-02 | 2.75E-02 | 4.74E-03 | 4.74£-03 | 4.74E-03 | 8760 
1.14€-03 | 1.00£-03 | 1.00E-03 | 5.71£-05 | 3.316-04 


Source ID 


: 500 
: 500 
1.14E-03 | 1.00E-03 | 1.00E-03 | 5.71E-05 | 3.31£-04 | 3.31E-04 500 
1.14E-03 | 1.00E-03 | 1.00E-03 | 5.71E-05 | 3.31E-04 | 3.31E-04 | 1.89E-05 | 500 
8760 
2DRILLBIA 8760 
8760 

8760 


7.78E-04 8760 
3.89E-04 8760 
3.89E-04 | 3.89E-04 | 8760 
5.83E-04 | 8760 


6.51E-03 | 6.51E-03 
7.78E-03 


7.78E-03 


6.51E-04 
7.78E-04 
7.78E-04 


8.69E-03 
7.30E-02 7.30E-02 | 8.69E-03 
LDRILLAH2A 3.89E-04 
2DRILLAH2A _| 9.13E-03 3.65E-02 | 4.35E-03 | 3.89£-03 | 3.89E-03 | 3.89E-04 


7.78E-03 
Uotele sos} 


{GDE- 4.35E-03 
1DRILLMPA 1.37E-02 | 5.48E-02 5.48E-02 | 6.52E-03 | 5.83E-03 | 5.83E-03 | 5.83E-04 | 5.83E-04 
2DRILLMPA 1.37E-02 | 5.48E-02 5.48E-02 | 6.52E-03 | 5.83E-03 | 5.83E-03 | 5.83E-04 | 5.83E-04 


IDRILLNMTEA | 4.91E-01 | 5.61E-01 5.61E-01 | 2.81E-02 | 2.81E-02 | 2.81E-02 | 1.04E-03 | 1.04E-03 | 1.04E-03 | 8760 
2DRILLNMTEA | 4.91E-01 | 5.61E-01 5.61E-01 | 2.81E-02 | 2.81E-02 | 2.81E-02 | 1.04E-03 | 1.04E-03 | 1.04E-03 | 8760 


IDRILLNMLTA | 7.22E-02 | 8.20E-02 8.20E-02 
2DRILLNMLTA | 7.22E-02 | 8.20E-02 8.20E-02 | 8.75E-03 | 8.75E-03 | 8.75E-03 | 7.24E-05 | 7.24E-05 | 7.24E-05 | 8760 


1DRILLNMPGA | 3.51E-02 | 3.30E-02 3.30E-02 | 2.81E£-03 | 2.81E-03 | 2.81E-03 | 4.64E-05 | 4.64E-05 | 4.64E-05 | 8760 


7.24E-05 | 7.24E-05 8760 


8.75E-039 |) 8,7 5E-03" |-8:756-03 


2DRILLNMPGA | 3.51E-02 | 3.30E-02 3.30E-02 | 2.81£-03 | 2.81E-03 | 2.81E-03 | 4.64E-05 | 4.64E-05 | 4.64E-05 | 8760 
1DRILLNMCPA | 5.97E-02 | 5.61E-02 5.61E-02 | 4.77E-03 | 4.77E-03 | 4.77E-03 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 8760 
2DRILLNMCPA | 5.97E-02 | 5.61E-02 5.61E-02 | 4.77E-03 | 4.77E-03 | 4.77E-03 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 8760 


IDRILLNMHSA | 2.15E-02 | 8.59E-02 6.44E-02 | 1.02E-02 | 9.15E-03 | 6.86E-03 | 9.15E-04 | 9.15E-04 | 6.86E-04 | 8760 
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Modeled Emission Rates (g/s) 


October 2022 


Source ID co NOx Pose RDS aap — PMb5 S02 
1-hr and 5; AO : 
8-hr Annual? 24-hr. 24-hr Annual? 4-hr- 24-hr Annual? 

2DRILLNMHSA | 2.156-02 | 8.59E-02 _| 6.44€-02 | L.026-02 | 9.156-03 | 6.86E-03 | 9.156-04 | 9.156-04 | 6.86E-04 Lee 
LFRACENG1 | 3.11€-02 | 2.49E-03 | 8.176-04 | 1.24€-04 | 1.24€-04 | 4.09e-05 | a.11e-05 | 4.11e-05 | 1356-05 | 1920 
1FRACENG2 | 1.79E-01 3436-09 1.136-02 | 1,546.03 | 1.54e-03 | 5.06E-04 | 3.78€-04 | 3.786-04 | 1.24€-04 | 1920 Z| 
IFRACENG3 | 2.61£+00 | 5.006-01__| 1.646-01 | 2.24.02 {224602 | 7.35E-03 | 5.50E-03 | 5506-03 | 1.81E-03 | 22 
ADRILLFLARE | 1.08€+00 | 1.98E-01 | 1.95E-02 | 4.79E-05 | 4.79€-05 | 4.72£-06 | 1.16€-02 | 1.16E-02 | 1.146-03 | 864 

| 2FRACENG1 SU | 2a eas 1.246-04 | 1246-04 | 4096-05 | 4.11€-05 | 4.116-05 | 1.35€-05 | 1920 
2FRACENG2 | 1.79E-01 | 3.43E-02 _| 1.13E-02 | 1.54£-03 | 1.54E-03 | 5.06E-04 | 3.78E-04 | 3.786-04 | 1.24€-04 | 1920 | 
2FRACENG3 _| 2.61£+00 | 5.00E-01 _| 1.646-01 | 2.24€-02 | 2.24€-02 | 7.35E-03 | 5.50E-03 | 5.50E-03 | 1.81£-03 | 1920 

| 2pRiLuFLare | 1.08E+00 | 1.986-01 | 1.95-02 | 4.796-05 | 4.796-05 | 4.72E-06 | 1.16€-02 | 1166-02 | 1146-03 | 864 _| 
BTIDRILLH1 | 5.19E-02 | 6.18E-02 6.18E-02 | 2.006-05 | 2:00E-05 | 2.00E-05 4.176-03 | 4.176-03 maa 275-93 102100 a 
| BTLDRILLH2 5.19E-02 | 6.18E-02 6.18E-02 | 2.00E-05 | 2-00-05 | 2.00E-05 | 4.17E-03 [4176-03 eens | 2190 

| aTalt 6.99E-06 | 1.40£-05 | 1.40E-05 | > 36¢-96 | 7.00E-07 | 7.00E-07 | 8.85E-08 HBSS 8.85E-08 | 3760 _| 
1TAIL2 [ 6.99E-06 | 1.40E-05 | 1.40E-05 | 2.36E-06 | BOO 7.00E-07 | 8.85E-08 | 8.85E-08 | B.85E-08 | 8760 _| 
1TAIL3 IBSEs 1.40E-05 SPO Oo 22 eM LOC ae 70007 | 8856-08 | 8.85E-08 | 8.85E-08 | 3769 
1TAILA 6.99E-06 | 1406-05 | 1.40E-05 | 2.36E-06 | 7.00E-07 | 7.00E-07 | 8.85E-08 | 8856-08 | 8.85E-08 | ara, | 
| aTAILS 6.99E-06 | 1.40E-05 | 1.40E-05 | 236E-06 | 7.00€-07 | 7.00E-07 | 8.85E-08 [eee | 8.85E-08 | 3769 | 
| 1TAILG 6.99E-06 | 1.40E-05 | 1.40E-05 LL Zi30E 08 7.00E-07 | 7.006-07 | 8.856-08 | 8.856-08 | 8.856-08 | 3760 ay 
1TAILT 6.99-06 | 1.40E-05 | 1.40E-05 | 2.36E-06 | 7.00€-07 | 7.00E-07 | 8.85E-08 "| 8.85E-08 | 8.85£-08 | 3760 
1TAIL8 6.99E-06 EEE 1.40E-05 | 2.36E-06 | 7.00E-07 | 7.00E-07 8.85E-08 | 8.85E-08 | 8.85E-08 | g760 | 
| aTAIL | 699606 | 1406-05 | 1.40605 | 2:366-06 | 7.00€-07 | 7.006-07 | 8.856-08 | 8856-08 | 8.85€-08 | 8760 
OTAILA [6.99E-06 [1406-05 | 1.406-05 PEEEUER OSE 7.00E-07 | 8.85E-08 | 8.85E-08 | 8.85E-08 Daees 
ITAIL2 6.99E-06 x 1.40E-05 | 1.40-05 | 2.36E-06 | 7.00E-07 | 7.00-07 8.856-08 | 8856-08 | 8856-08 | g76q | 
| 2TAIL3 "[6.996-06 1.40E-05 | 1.40E-05 | 2.36E-06 | 7.00E-07 | 7.00E-07 | 8.85E-08 8.85E-08 | 8.85E-08 | 9760 
oTAILA Ena 1.40E-05 | 1-40E-05 | 2.36E-06 | 7.00€-07 | 7.00E-07 | 8.85E-08 | 8.85E-08 | 8.85E-08 | 3760 
ITAILS 6996-06 | 1.40605 | 1406-05 | 2.36F-06 | 7.00E-07 | 7.00E-07 | 8.85E-08 | 8.85E-08 | 8.85E-08 | g76q 
ITAILG | 6.99E-06 | 1.40E-05 L.40E-05 | 2.36E-06 | 7006-07 | 7.00E-07 | 8.85E-08 | 8.85E-08 | 8.85E-08 | g760 
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Modeled Emission Rates (g/s) 


NOx PMio PM2.5 Annual 
Hours 


Source ID 


Annual? 24-hr 24-hr Annual? Annual’ 


0.00E+00 | 0.00E+00 0.00E+00 | 4.24£-03 | 4.10E-04 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
1MFUGD2 0.00E+00 | 0.00E+00 0.00E+00 | 4-24E-03 | 4.10E-04 | 4.10E-04 | g o9E+00 | 0.00€+00 | 0.00E+00 | 4380 
1MFUGD3 0.00E+00 | 0.00E+00 0.00E+00 | 4.24E-03 | 4.10E-04 | 4.10E-04 | g.o9E+00 | 0.00E+00 | 0.00400 | 4380 
1MFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.24E-03 | 4.10E-04 | 4.10E-04 | 9 ogE+00 0.00E+00 | 0.00E+00 
1MFUGDS5 0.00E+00 | 0.00E+00 0.00E+00 | 4.24E-03 | 4.10E-04 | 4.10E-04 | 9 o9E+00 | 0.00E+00 | 0.00E+00 | 4380 
1MFUGD6 0.00E+00 | 0.00E+00 0.00E+00 | 4.24€-03 | 4.10E-04 | 4.10E-04 | g.99E+00 | 0.00£+00 | 0.00£+00 | 4380 


4.24E-03 | 4.10E-04 | 4.10E-04 | 9 99F400 
4.24£-03 | 4.10E-04 | 4.10E-04 | 9 99F+00 
0.00E+00 0.00E+00 | 4-24E-03 | 4.10E-04 | 4.10E-04 | 9 g9E+00 
0.00E+00 aE 4.24E-03 | 4.10E-04 | 4.10E-04 0.00E+00 
2MFUGD2 0.00E+00 | 0.00E+00 0.00E+00 | 4:24E-03 | 4.10E-04 | 4.10E-04 | g o9E+00 | 0.00F+00 | 0.00E+00 | 4380 
2MFUGD3 nnetts 0.00E+00 0.00E+00 | 4.24€-03 | 4.10E-04 | 4.10E-04 | g.o9E+00 | 0.00€+00 | 0.00E+00 | 4380 


2MFUGD4 0.00E+00 | 0.00E+00 0.00E+00 | 4-24E-03 | 4.10E-04 | 4.10E-04 | 9 g9£+00 | 0.00F+00 0.00E+00 | 4380 
2MFUGDS5 SGD 0.00E+00 0.00E+00 | 4-24E-03 | 4.10E-04 | 4.10E-04 | 9 99E+00 | 0.00E+00 | 0.00F+00 4380 
e 


2MFUGD6 0.00E+00 | 0.00E+00 O0E+00 | 4-24-03 | 4.10-04 | 4-10E-04 | 9.00E+00 | 0.00E+00 | 0.00€+00 | 4380 


1MFUGD7 
1MFUGD8 0.00E+00 
1MFUGD9 0.00E+00 
2MFUGD1 0.00E+00 


0.00E+00 


0.00E+00 0.00E+00 
0.00E+00 0.00E+00 


0.00E+00 | 0.00E+00 
inca al Oe 
0.00E+00 | 0.00E+00 
0.00E+00 | 0.00E+00 
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1.1.4 Scenario 4: Development Drilling 


Swe: ay ees ef pe 
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Figure 1.1-14. Alternative E Near-field Model Scenario 4 Source Locations at BT2. 
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Figure |.1-15. Alternative E Near-field Model Scenario 4 Source Locations at BT3. 
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Source ID 


Table 1.1-10. Alternative E Near-field Model Scenario 4 Emissions Source Descriptions and In-stack Ratios 


| oe NOx to — : 
Source Description ae ee NOZ Notes 
; ee z Ratio . 


Source 
Type 


POINT BT1 - Line Heater 0.05 Natural gas heaters 
BT1OPSLH2 POINT BT1 - Line Heater 0.05 Natural gas heaters 
BT10OPSBG POINT BT1 - Backup Generator 0.2 Diesel tailpipe from non-road equipment 
BT1OPSFUGD | VOLUME __| BT1 - Wind Erosion Fugitive Dust EL eek 
BT1WICTH | POINT BT1 - Well Intervention Main Equipment - Coil Tubing Heater 
BT1WICTE POINT BT1 - Well Intervention Main Equipment - Coil Tubing Engine 


BTIWILCTE 
BT2OPSLH1 


POINT 
POINT 


BT2OPSLH2 
BT2OPSBG 


BT2 - Line Heater 0.05 Natural gas heaters 
POINT BT2 - Backup Generator : Diesel tailpipe from non-road equipment 


BT1 - Well Intervention Main Equipment - Large Coil Tubing Engine 0.1 Diesel tailpipe from non-road equipment 
BT2 - Line Heater 0.05 Natural gas heaters 


BT2OPSFUGD 
BT2WICTH 
BT2WICTE 
BT2WILCTE 
BT30PSLH 


tS 
N 


VOLUME BT2 - Wind Erosion Fugitive Dust 
POINT BT2 - Well Intervention Main Equipment - Coil Tubing Heater | 0.05 Diesel fueled heaters and boiler 


POINT BT2 - Well Intervention Main Equipment - Coil Tubing Engine : Diesel tailpipe from non-road equipment 
POINT BT2 - Well Intervention Main Equipment - Large Coil Tubing Engine 0. Diesel tailpipe from non-road equipment 


S 
RI 


BT30OPSBG 
BT30PSFUGD 
BT3WICTH 
BT3WICTE 
BI3WILCTE 
BTS5OPSLH 


(o) 
N 


BT3 - Line Heater 0.05 Diesel tailpipe from non-road equipment 
: Natural gas heaters 


BT3 - Backup Generator 


BTS5OPSFUGD VOLUME 


BISWILCTE 


VOLUME BT3 - Wind Erosion Fugitive Dust 

POINT BT3 - Well Intervention Main Equipment - Coil Tubing Heater 0.05 
: 
0 


POINT BT5 - Line Heater 0.05 Natural gas heaters 


BT5 - Backup Generator 

BT5 - Wind Erosion Fugitive Dust 

BT5 - Well Intervention Main Equipment - Coil Tubing Heater 
BT5 - Well Intervention Main Equipment - Coil Tubing Engine 
BT5 - Well Intervention Main Equipment - Large Coil Tubing Engine 


: Diesel tailpipe from non-road equipment 


0.05 Diesel fueled heaters and boiler 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


S|9 S) S) 
=a N bh 


POINT WCE - Stationary Combustion Sources - Injection/Compression Turbine | 0.3 Natural gas-fired turbines 
WLWTGO03B POINT | wer - Stationary Combustion Sources - Injection/Compression Turbine | 0.3 Natural gas-fired turbines 
WLWTGO1A POINT WCF - Stationary Combustion Sources - Power Generation Turbine 
WLWTGO01B POINT WCF -.Stationary Combustion Sources - Power Generation Turbine 0.3 Natural gas-fired turbines 


Final Supplemental Environmental Impact Statement Page I-101 


=~ — ew — = —— amet — — ES — — —_ 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Source 


Source ID Source Description Notes 


Type 
Natural gas-fired turbines 


WLWTGO2A POINT WCF - Stationary Combustion Sources - Power Generation Turbine 


WLWTGO02B POINT WCF - Stationary Combustion Sources - Power Generation Turbine 0.3 Natural gas-fired turbines 
wer - Stationary Combustion Sources - Backup Power Generation 
WLWTG04 POINT Turbine (Dual Fuel) 0.3 Natural gas-fired turbines 
WCF - Stationary Combustion Sources - Backup Power Generation 
WLWTGOS5 POINT Turbine (Dual Fuel) 0.3 Natural gas-fired turbines 
WLWGLO5 POINT WCF - Stationary Combustion Sources - Black Start Engine 0.1 Diesel tailpipe from non-road equipment 
POINT WCF - Stationary Combustion Sources - Crude Production Heater 0.05 Natural gas heaters 
WLWHG04 POINT WCF - Stationary Combustion Sources - Crude Production Heater 0.05 Natural gas heaters 
WCF - Stationary Combustion Sources - Utility Heat Medium (UHM) 
WLWHGO1 POINT Heater 0.05 Natural gas heaters 
Pwr - Stationary Combustion Sources - Utility Heat Medium (UHM) 
WLWHGO02 POINT Heater 0.05 Natural gas heaters 
WLWHG06 POINT x WCF - Stationary Combustion Sources - Hot Oil Heater 0.05 Natural gas heaters 
WLWFGLPE POINT WCF - Stationary Combustion Sources - LP Flare (emergency) 0.5 Flares 
WLWFGHPE POINT WCF - Stationary Combustion Sources - HP Flare (emergency) 0.5 Flares 
WCFOPSFUGD VOLUME WCF - Wind Erosion Fugitive Dust - - 
WOCPWRGEN1 | POINT WOC - Stationary Combustion Sources - Power Generation 0.1 Diesel tailpipe from non-road equipment 
WOCPWRGEN2 | POINT WOC - Stationary Combustion Sources - Power Generation 0.1 Diesel tailpipe from non-road equipment 
WOCPWRGEN3 | POINT WOC - Stationary Combustion Sources - Power Generation OL Diesel tailpipe from non-road equipment 
WLWIGO1 POINT | woc - Stationary Combustion Sources - Incinerator 0.5 [eset tailpipe from non-road equipment 
WLWIGO2 POINT | WOC - Stationary Combustion Sources - Incinerator 0.5 Diesel tailpipe from non-road equipment 
WLWHLO5S POINT WOC - Stationary Combustion Sources - Mud Plant Glycol Boiler —[o0s Diesel fueled heaters and boiler 
[ WILLOWAIR1 AREAPOLY | WOC - Aircraft Activity (Willow Airstrip) - Release Height 50.8m 0.5 Aircraft 
WILLOWAIR2 AREAPOLY | WOC - Aircraft Activity (Willow Airstrip) - Release Height 152.4m - 18s Aircraft 
WILLOWAIR3 AREAPOLY | WOC - Aircraft Activity (Willow Airstrip) - Release Height 254m 0.5 Aircraft 
WOCOPSFUGD_ | VOLUME WOC - Wind Erosion Fugitive Dust - Wind Erosion - - 
Facag | WCF - Non-mobile Support Equipment - Portable External Combustion ie 
WCFPCE1 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Portable External Combustion 
WCFPCE2 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
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Sourc eee 
Source ID . Source Description 


Type ; 


WCF - Non-mobile Support Equipment - Portable External Combustion 
pWCERCES AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Portable External Combustion 
WCFPCE4 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Portable External Combustion 
WCFPCE5 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Portable External Combustion 
WCFPCE6 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Portable External Combustion 
WCFPCE7 AREAPOLY | Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE1 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE2 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE3 x) AREAPOLY | Combustion Equipment _| 00s Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE4 —Sararoly Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE5 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External a 
WCFSCE6 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Stationary External 
WCFSCE7 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WCF - Non-mobile Support Equipment - Internal Combustion zi 
WCFNRE1 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion Re 
WCFNRE2 AREAPOLY | Equipment Non-Road Engines <140 HP oa Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE3 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE4 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
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Source ID Soules Source Description Notes 


TYPE Ratio 


WCF - Non-mobile Support Equipment - Internal Combustion Fee 

WCFNRE5 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion are 

WCFNRE6 AREAPOLY | Equipment Non-Road Engines <140 HP Diesel tailpipe from non-road equipment 


0.2 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCF - Non-mobile Support Equipment - Internal Combustion 
| 
BT3NRE1 7 
BT3WIN1 . 


3WELLINTE POINT BT3 - Well Intervention Non-Mobile Support Equipment - Total Engine 0.1 
BT1INRE1 AREAPOLY | BT1 - Routine Operations Non-Mobile Support Equipment 


BTIWIN1 AREAPOLY | BT1 - Well Intervention Non-Mobile Support Equipment 
LWELLINTE POINT BT1 - Well Intervention Non-Mobile Support Equipment - Total Engine 0.1 


BT2NRE1 BT2 - Routine Operations Non-Mobile Support Equipment 

BT2WIN1 BT2 - Well Intervention Non-Mobile Support Equipment 

2WELLINTE 0.1 
BTSNRE1 
BTSWIN1 . 
SWELLINTE _| POINT 0.1 


WOC - Non-mobile Support Equipment - Portable External Combustion 


Diesel tailpipe from non-road equipment 


Diesel engines 

Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


ey ee = 
NIN eR 


(=| 
N 


Oo 
N 


oO 
N 


Sie Oo 
N]N N 


Equipment 0.05 Diesel fueled heaters and boiler 
WOC - Non-mobile Support Equipment - Stationary External 
Combustion Equipment 0.05 Diesel fueled heaters and boiler 
WOC - Non-mobile Support Equipment - Internal Combustion 
WOCNRE AREAPOLY | Equipment Non-Road Engines <140 HP Diesel tailpipe from non-road equipment 


1TAIL1 VOLUME Mobile Equipment Tailpipe - BT1 0.15 
1TAIL2 VOLUME Mobile Equipment Tailpipe - BT1 0.15 


Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 


© 
N 


1TAIL3 VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 
1TAIL4 VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 
1TAILS VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 


| 1TAIL6 VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 
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~ Source 


Source ID ‘Source Description 


| Type 


Mobile Equipment Tailpipe - BT1 


October 2022 


Notes 


1TAIL7 VOLUME 0.15 Diesel tailpipe from on-road vehicles 
1TAIL8 VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 
1TAIL9 VOLUME Mobile Equipment Tailpipe - BT1 0.15 Diesel tailpipe from on-road vehicles 
2TAIL1 VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
2TAIL2 VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
2TAIL3 VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
2TAIL4 VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
2TAILS VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
2TAIL6 VOLUME Mobile Equipment Tailpipe - BT2 Diesel tailpipe from on-road vehicles a 
3TAIL1 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAIL2 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAIL3 “[vown Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAIL4 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAILS VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAIL6 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
3TAIL7 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
| STAIL1 VOLUME Mobile Equipment Tailpipe - BT5 Diesel tailpipe from on-road vehicles 
5TAIL2 VOLUME Mobile Equipment Tailpipe - BTS Diesel tailpipe from on-road vehicles 
5TAIL3 VOLUME Mobile Equipment Tailpipe - BTS Diesel tailpipe from on-road vehicles 
5TAIL4 VOLUME Mobile Equipment Tailpipe - BT5 Diesel tailpipe from on-road vehicles 
5TAILS VOLUME Mobile Equipment Tailpipe - BTS Diesel tailpipe from on-road vehicles 
5TAIL6 VOLUME Mobile Equipment Tailpipe - BTS Diesel tailpipe from on-road vehicles 
Mobile Equipment Tailpipe - BT5 Diesel tailpipe from on-road vehicles 
WOCTAIL1 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL2 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


WOCTAIL3 VOLUME 


Mobile Equipment Tailpipe - WOC 


WOCTAIL4 VOLUME 


WOCTAILS VOLUME 


Mobile Equipment Tailpipe - WOC 


Mobile Equipment Tailpipe - WOC 


Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles =| 


Diesel tailpipe from on-road vehicles 


WOCTAIL6 VOLUME 


Mobile Equipment Tailpipe - WOC 


Diesel tailpipe from on-road vehicles 


WOCTAIL7 VOLUME | Mobile Equipment Tailpipe - WOC 


WOCTAIL8 VOLUME Mobile Equipment Tailpipe - WOC 


Diesel tailpipe from on-road vehicles i 
Diesel tailpipe from on-road vehicles 
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NOx to 


nae Source Description : _-NO2 Notes 
yp Ratio 


VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 


Source ID 


WOCTAIL9 

WOCTAIL10 
WOCTAIL11 
WOCTAIL12 
WOCTAIL13 


WOCTAIL16 VOLUME Diesel tailpipe from on-road vehicles 
WOCTAIL17 VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 
WOCTAILI9 | VOLUME Diesel tailpipe from on-road vehicles 


WOCTAIL20 VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


WOCTAIL14 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL15 VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 
WOCTAIL25 VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL26 Diesel tailpipe from on-road vehicles 
WOCTAIL27 Diesel tailpipe from on-road vehicles 
WOCTAIL28 VOLUME | Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


VOLUME Diesel tailpipe from on-road vehicles 
VOLUME Diesel tailpipe from on-road vehicles 
WOCTAIL31 VOLUME Diesel tailpipe from on-road vehicles 
WOCTAIL32 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL33 VOLUME Diesel tailpipe from on-road vehicles 
AIRTAILL VOLUME Diesel tailpipe from on-road vehicles 


AIRTAIL2 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


AIRTAIL3 VOLUME 0.15 Diesel tailpipe from on-road vehicles 
AIRTAIL4 Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
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NOx to 


Source — 


Source ID . 
Type 


Source Description ee Cae ~NO2 Notes 
ee et Ratio 


AIRTAIL7 


Mobile Equipment Tailpipe - WOC 


Diesel tailpipe from on-road vehicles 


VOLUME 0.15 

| WCFTAILA VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL2 “Tvotume Mobile Equipment Tailpipe - WCF je Diesel tailpipe from on-road vehicles 7 
WCFTAIL3 VOLUME | Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL4 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 

| WCFTAILS VOLUME | Mobile Equipment Tailpipe - WCF [0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL6 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL7 VOLUME Mobile Equipment Tailpipe - WCF ee Diesel tailpipe from on-road vehicles d 
WCFTAIL8 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL9 VOLUME Mobile Equipment Tailpipe - WCF 0.15 a Diesel tailpipe from on-road vehicles | 
WCFTAIL10 VOLUME Mobile Equipment Tailpipe - WCF “I 0.15 Diesel tailpipe from on-road vehicles a3 
WCFTAIL11 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL12 VOLUME Mobile Equipment Tailpipe - WCF os Diesel tailpipe from on-road vehicles 
WCFTAIL13 YOrUMESS Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL14 VOLUME Mobile Equipment Tailpipe - WCF 0.15 “ere tailpipe from on-road vehicles 

| WCFTAIL15 VOLUME Mobile Equipment Tailpipe - WCF Ons Diesel tailpipe from on-road vehicles 
WCFTAIL16 VOLUME Mobile Equipment Tailpipe - WCF ie Diesel tailpipe from on-road vehicles 
WCFTAIL17 “F voLume Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 

| WCFTAIL18 VOLUME Mobile Equipment Tailpipe - WCF +38 [ Diesel tailpipe from on-road vehicles 
WCFTAIL19 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
1MFUGD1 VOLUME Mobile Equipment Fugitive Dust - BT1 - =e 
IMFUGD2 VOLUME Mobile Equipment Fugitive Dust - BT1 - - 
1MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BT1 - F 
1IMFUGD4 VOLUME _| Mobile Equipment Fugitive Dust - BT1 | - - 
1MFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT1 - =a 


1MFUGD6 
1MFUGD7 


VOLUME 


Mobile Equipment Fugitive Dust - BT1 


VOLUME 


Mobile Equipment Fugitive Dust - BT1 


1MFUGD8 


VOLUME 


Mobile Equipment Fugitive Dust - BT1 


1MFUGD9 
2MFUGD1 
2MFUGD2 


VOLUME 


Mobile Equipment Fugitive Dust - BT1 


VOLUME 


Mobile Equipment Fugitive Dust - BT2 


VOLUME 


Mobile Equipment Fugitive Dust - BT2 
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Source 


Source ID Source Description 
Type 


2MFUGD3 VOLUME 
2MFUGD4 VOLUME 
2MFUGD5 VOLUME 


Mobile Equipment Fugitive Dust - BT2 

Mobile Equipment Fugitive Dust - BT3 

Mobile Equipment Fugitive Dust - BT3 

Mobile Equipment Fugitive Dust - BT3 

Mobile Equipment Fugitive Dust - BT3 

Mobile Equipment Fugitive Dust - BT3 
Een 
Bieceor 


Mobile Equipment Fugitive Dust - BT2 


3MFUGD6 VOLUME Mobile Equipment Fugitive Dust - BT3 
3MFUGD7 VOLUME Mobile Equipment Fugitive Dust - BT3 


5MFUGD1 VOLUME Mobile Equipment Fugitive Dust - BTS 
5MFUGD2 VOLUME | Mobile Equipment Fugitive Dust - BT5 | 


5MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BTS 
5MFUGD4 VOLUME Mobile Equipment Fugitive Dust - BT5 


5MFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT5 
5MFUGD6 VOLUME 


Mobile Equipment Fugitive Dust - BT5 
5MFUGD7 VOLUME Mobile Equipment Fugitive Dust - BT5 


WCFMFUGD1 VOLUME Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD2 VOLUME Mobile Equipment Fugitive Dust - WCF —— 


WCFMFUGD3 Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD4 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD5 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD6 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD7 Mobile Equipment Fugitive Dust - WCF 
Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD9 | VOLUME. | Mobile Equipment Fugitive Dust - WCF cores 


WCFMFUGD10_ | VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD11 | VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD12 | VOLUME Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD13_| VOLUME | Mobile Equipment Fugitive Dust - WCF ey 
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Source 
Type 


WCFMFUGD14 | VOLUME Mobile Equipment Fugitive Dust - WCF E 3 


WCFMFUGD15_ | VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD16 | VOLUME Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD17_ | VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD18 | VOLUME Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD19 | VOLUME Mobile Equipment Fugitive Dust - WCF 
WOCMFUGD1 VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD2 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD3 VOLUME 


Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD4 VOLUME 


Source ID Source Description 


Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD5 VOLUME Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC. 


WOCMFUGD6 VOLUME 
WOCMFUGD7 VOLUME 
WOCMFUGD8 VOLUME 


eee ss aol 


WOCMFUGD9 VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD10 | VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD11 | VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD12 | VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD13 | VOLUME | Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD14 | VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD15 Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD16 Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD17 | VOLUME Mobile Equipment Fugitive Dust - WOC 
VOLUME | Mobile Equipment Fugitive Dust - WOC 
VOLUME | Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD20 | VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD21 | VOLUME Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD22 | VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD23 | VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD24 | VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD25 | VOLUME Mobile Equipment Fugitive Dust - WOC 
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Source 


Source ID 
Type 


WOCMFUGD26 | VOLUME 


Source Description 


Mobile Equipment Fugitive Dust - WOC 


October 2022 


| WOCMFUGD27_ | VOLUME 


Mobile Equipment Fugitive Dust - WOC 


WOCMFUGD28_| VOLUME 
WOCMFUGD29_| VOLUME 
WOCMFUGD30_ | VOLUME 
VOLUME 
WOCMFUGD32_| VOLUME 
WOCMFUGD33_| VOLUME 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD1 VOLUME 


Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD2 VOLUME 


AIRMFUGD3 VOLUME Mobile Equipment Fugitive Dust - WOC 
AIRMFUGD4 VOLUME Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD5 VOLUME 
AIRMFUGD6 VOLUME 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD7 VOLUME 
WOCTEMPTRB1 | POINT 


Mobile Equipment Fugitive Dust - WOC 


WOC - Stationary Combustion Sources - Power Generation Turbine 


Diesel tailpipe from non-road equipment 


WOCTEMPTRB2 | POINT 


WOC - Stationary Combustion Sources - Power Generation Turbine 


Diesel tailpipe from non-road equipment 
RFDGMT1 POINT RFD - GMT1 Reasonably Foreseeable Development 
RFDGMT2 POINT RFD - GMT2 Reasonably Foreseeable Development 
RFDGWPDS1 POINT RFD - Greater Willow Project Drill Site #1 Reasonably Foreseeable Development 
RFDGWPDS2 POINT RFD - Greater Willow Project Drill Site #2 Reasonably Foreseeable Development 
RFDCD5 POINT RFD - CD5 Reasonably Foreseeable Development 
RFDCD8 POINT RFD - CD8 Expansion Reasonably Foreseeable Development 
RFDNW POINT RFD - Narwhal Reasonably Foreseeable Development 
RFDACF POINT RFD - Alpine Central Facility Expansion Reasonably Foreseeable Development 
RFDCD1EXP POINT el RFD - CD1 Expansion Reasonably Foreseeable Development 
RFDCD4EXP POINT RFD - CD4 Expansion 0.2 Reasonably Foreseeable Development 
| 2DRILLPEA POINT BT2 - Drill Rigs - Primary Power Engines 0.1 Diesel tailpipe from non-road equipment 
2DRILLCP1A POINT BT2 - Drill Rigs - Cement Pumping Unit #1 0.2 Diesel tailpipe from non-road equipment 
| 2DRILLCP2A POINT BT2 - Drill Rigs - Cement Pumping Unit #2 0.2 Diesel tailpipe from non-road equipment 
2DRILLB1A | POINT _| BT2- Drill Rigs - Boiler #1 0.05 Diesel fueled heaters and boiler 
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NOx to 


Source ID Source aurce Description — | : - NO2 Notes 
Type a ee Ratio 


POINT BT2 - Drill Rigs - Boiler #2 0.05 Diesel fueled heaters and boiler 


2DRILLB2A 
2DRILLAH1A [POINT BT2 - Drill Rigs - Air Heater #1 a 0.05 Diesel fueled heaters and boiler 

| 2DRILLAH2A POINT BT2 - Drill Rigs - Air Heater #2 0.05 melee fueled heaters and boiler 
2DRILLMPA a POINT azn BT2 - Drill Rigs - Mud Pit Heater 0.05 Diesel fueled heaters and boiler | 
2DRILLNMTEA ee BT2 - Drilling Non-Mobile Support Equipment - Total Engine 0.1 Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


2DRILLNMLTA POINT ul BT2 - Drilling Non-Mobile Support Equipment - Total Lighting Engine {oz 


BT2 - Drilling Non-Mobile Support Equipment - Total Portable 
2DRILLNMPGA | POINT —_ Generators 0.1 ore tailpipe from non-road equipment 
EB BT2 - Drilling Non-Mobile Support Equipment - Total Portable 
2DRILLNMCPA | point | Welders/Compressor Engine 0.1 =f) Diesel tailpipe from non-road equipment | 
BT2 - Drilling Non-Mobile Support Equipment - Portable Heaters & ae 
2DRILLNMHSA _ | VOLUME Snow Melters 0.05 Diesel tailpipe from non-road equipment 
2DRILLFLARE POINT BT2 - Drilling Well Flowback and Flaring - Total Flaring Emissions [os Flares 7 
3DRILLPEA POINT ___| BT3 - Drill Rigs - Primary Power Engines 0.1 Diesel tailpipe from non-road equipment 
3DRILLCP1A POINT BT3 - Drill Rigs - Cement Pumping Unit #1 0.2 Diesel tailpipe from non-road equipment 
3DRILLCP2A POINT | BT3 - Drill Rigs - Cement Pumping Unit #2 0.2 | Diese tailpipe from non-road equipment 
3DRILLB1A POINT BT3 - Drill Rigs - Boiler #1 [0.05 Diesel fueled heaters and boiler 
| 3DRILLB2A POINT _| BT3 - Drill Rigs - Boiler #2 a 005 __| Diesel fueled heaters and boiler 
| SDRILLAH1A POINT BT3 - Drill Rigs - Air Heater #1 0.05 Diesel fueled heaters and boiler 
3DRILLAH2A POINT BT3 - Drill Rigs - Air Heater #2 0.05 Diesel fueled heaters and boiler 
| 3DRILLMPA POINT BT3 - Drill Rigs - Mud Pit Heater 0.05 Diesel fueled heaters and boiler 
3DRILLNMTEA POINT | BT3 - Drilling Non-Mobile Support Equipment - Total Engine 0.1 sliBiese tailpipe from non-road equipment 
) SDRILLNMETA POINT BT3 - Drilling Non-Mobile Support Equipment - Total Lighting Engine 0.2 ea Diesel tailpipe from non-road equipment | 
BT3 - Drilling Non-Mobile Support Equipment - Total Portable 
| sorLNMeGa_| POINT Generators 0.1 Sai Diesel tailpipe from non-road Sane | 
BT3 - Drilling Non-Mobile Support Equipment - Total Portable =f 
3DRILLNMCPA +fOINT Welders/Compressor Engine 0.1 al Diesel tailpipe from non-road Susi 
2| BT3 - Drilling Non-Mobile Support Equipment - Portable Heaters & | 
3DRILLNMHSA {eM Snow Melters 0.05 "ees tailpipe from non-road equipment | 
3DRILLFLARE POINT | BT3 - Drilling Well Flowback and Flaring - Total Flaring Emissions 0.5 Flares 
| 2FUGD | volume | BT2 - Wind Erosion Fugitive Dust A nail 3 at 
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NOx to 
Source Description NO2 
Ratio 


Source 
Type 


VOLUME 
POINT 0.05 
POINT 

VOLUME 
POINT 
POINT 
POINT 0.05 


POINT BT1 - Pipeline Installation - Wellsite to WPF - Air Compressors 
VOLUME BT1 - Pipeline Installation - Wellsite to WPF - Nonroad Equipment : 


POINT BT1 - Pipeline Installation - Wellsite to WPF - Bore/Drill Rigs ; 
POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets 3 


POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets 
POINT BT1 - Pipeline Installation - Wellsite to WPF - Generator Sets ; 


BT1 - Vertical Support Member (VSM) Construction - Wellsite to WPF - 

VOLUME Nonroad Equipment 0. 
BT1 - Vertical Support Member (VSM) Construction - Wellsite to WPF - 

POINT Bore/Drill Rigs : 


VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 
VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 
VOLUME Mobile Support Equipment Tailpipe - BT1 0.15 


VOLUME Mobile Support Equipment Tailpipe - BT1 OHS 
POINT BT2 - Willow Facilities Installation - Construction Heaters 0.05 


POINT BT2 - Willow Facilities Installation - Air Compressors 


Source ID Notes 


3FUGD 
1FACHTR1 
1FACNMAC 
1FACNR 
1FACNMGS1 
1FACNMGS2 
1PIPHTR1 
1PIPNMAC 
1PIPNR 
1PIPNMBR 
1PIPNMGS1 
1PIPNMGS2 
1PIPNMGS3 


| 


iesel fueled heaters and boiler 

iesel tailpipe from non-road equipment 
iesel tailpipe from non-road equipment 
iesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel fueled heaters and boiler 

Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


©) 


1s) 


oO;O;}0;O 
RIPPIN] R 
iw) 


Ron on ononio 
N BIBIBININ]B 


1VSMNR 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 
Diesel tailpipe from on-road vehicles 
Diesel fueled heaters and boiler 

Diesel tailpipe from non-road equipment 


1VSMNMBR 
LICETAIL1 
1ICETAIL2 
LICETAIL3 
1ICETAIL4 
2FACHTR1 
2FACNMAC 


oO;}O i=) 
NTR N 


2FACNR VOLUME BT2 - Willow Facilities Installation - Nonroad Equipment Diesel tailpipe from non-road equipment 
2FACNMGS1 POIN BT2 - Willow Facilities Installation - Generator Sets 0.1 Diesel tailpipe from non-road equipment 
2FACNMGS2 POINT BT2 - Willow Facilities Installation - Generator Sets 0.1 Diesel tailpipe from non-road equipment 


2FRACENG1 POINT Diesel tailpipe from non-road equipment 
2FRACENG2 POINT BT2 - Hydraulic Fracturing - Well Frac Engine 2 Diesel tailpipe from non-road equipment 
2FRACENG3 POINT BT2 - Hydraulic Fracturing - Well Frac Engine 3 Diesel tailpipe from non-road equipment 
2ICETAIL1 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 


2ICETAIL2 VOLUME Mobile Support Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 


eeeel Pees 


9/O}2 
Rl |B 
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Source ID poupce Source Description 
Type | 


| 2ICETAIL3 VOLUME Mobile Support Equipment Tailpipe - BT2 ORS Diesel tailpipe from on-road vehicles 
| 2ICETAIL4 1 VOLUME _| Mobile Support Equipment Tailpipe - BT2 [ 0.15 Diesel tailpipe from on-road vehicles 
2PIPHTR1 E POINT | BT2 - Pipeline Installation - Wellsite to WPF - Construction Heaters | 0.05 | Diesel fueled heaters and boiler a 
2PIPNMAC | POINT BT2 - Pipeline Installation - Wellsite to WPF - Air Compressors 0.1 ll Diesel tailpipe from non-road equipment 
2PIPNR __| VOLUME BT2 - Pipeline Installation - Wellsite to WPF - Nonroad Equipment To2 Bees tailpipe from non-road equipment 
| 2PIPNMBR POINT BT2 - Pipeline Installation - Wellsite to WPF - Bore/Drill Rigs Bice Diesel tailpipe from non-road equipment 
| 2PIPNMGS1 own _[ pt2 - Pipeline Installation - Wellsite to WPF - Generator Sets ws | Diesel tailpipe from non-road equipment 
[ 2PIPNMGS2 POINT BT2 - Pipeline Installation - Wellsite to WPF - Generator Sets 0.1 | Diesel tailpipe from non-road equipment 
2PIPNMGS3 POINT | BT2 - Pipeline Installation - Wellsite to WPF - Generator Sets 0.1 | Diesel tailpipe from non-road equipment 
BT2 - Vertical Support Member (VSM) Construction - Wellsite to WPF - ig Diesel tailpipe from non-road equipment 
2VSMNR VOLUME Nonroad Equipment WO. | 
BT2 - Vertical Support Member (VSM) Construction - Wellsite to WPF - ia 
2VSMNMBR | POINT _| Bore/Drill Rigs 0.2 Diesel tailpipe from non-road equipment 
3FACHTR1 | POINT BT3 - Willow Facilities Installation - Construction Heaters T 0.05 Diesel fueled heaters and boiler | 
| 3FACNMAC {| POINT BT3 - Willow Facilities Installation - Air Compressors 0.1 Diesel tailpipe from non-road equipment 
3FACNR VOLUME | BT3 - Willow Facilities Installation - Nonroad Equipment 0.2 ay Diesel tailpipe from non-road equipment | 
3FACNMGS1 z POINT __ | BT3 - Willow Facilities Installation - Generator Sets | 0.1 _| Diesel tailpipe from non-road equipment 
| 3FACNMGS2 i | BT3 - Willow Facilities Installation - Generator Sets ot | Diesel tailpipe from non-road sani 
| 3FRACENG1 POINT oe BT3 - Hydraulic Fracturing - Well Frac Engine 1 0.1 Diesel tailpipe from non-road equipment 
| 3FRACENG2 POINT BT3 - Hydraulic Fracturing - Well Frac Engine 2 Toa Diesel tailpipe from non-road equipment 
3FRACENG3 en | BT3 - Hydraulic Fracturing - Well Frac Engine 3 0.1 Diesel tailpipe from non-road equipment 
ee Jee ue _| Mobile Support Equipment Tailpipe — BT3 +23; | Diesel tailpipe from on-road vehicles 4 
3ICETAIL2 VOLUME | Mobile Support Equipment Tailpipe — BT3 | 0.15 A Diesel tailpipe from on-road vehicles + 
| 3ICETAIL3 | VOLUME Mobile Support Equipment Tailpipe — BT3 0.15 Diesel tailpipe from on-road vehicles 
ears al VOLUME Mobile Support Equipment Tailpipe — BT3 0.15 Diesel tailpipe from on-road vehicles 
ALPAIR1 AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 50.8m ah 0.5 | Aircraft al 
_ALPAIR2 __[ AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 152.4m 8 __| Aircraft 
ALPAIR3 AREAPOLY | Aircraft Activity (Alpine Airstrip) - Release Height 254m 0.5 Aircraft 
FBROPHTR POINT Fiber Optic Line Installation - Construction Heaters = 0.05 Diesel fueled heaters and boiler z 
FBROPNMGS1 _| pow Fiber Optic Line Installation - Generator Sets 0.1 _| Diesel tailpipe from non-road equipment 
| FBROPNMGS2 POINT | Fiber Optic Line Installation - Generator Sets Toa _| Diesel tailpipe from non-road equipment 
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Source None 
Source ID Source Description NO2 Notes 
avbe Ratio 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


0.2 

0.2 Diesel tailpipe from non-road equipment 

0.2 Diesel tailpipe from non-road equipment 
iesel tai 
: 

0.2 i 
| 

0.2 


Diesel tailpipe from non-road equipment 


Fiber Optic Line Installation - Nonroad Equipment 
FBROPNR2 VOLUME Fiber Optic Line Installation - Nonroad Equipment 


VOLUME 
Fiber Optic Line Installation - Nonroad Equipment 
Single Season Ice Pad Construction - Generator Sets 

Single Season Ice Pad Construction - Nonroad Equipment 


VOLUME __| Single Season Ice Pad Construction - Nonroad Equipment 
VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS1 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS2 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS3 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS4 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS6 Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS7 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRIOS8 VOLUME Single Season Ice Pad Construction - Nonroad Equipment | 0.2 
ICEPDNRIOS9 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 


FBROPNR1 


Fiber Optic Line Installation - Nonroad Equipment 


0.2 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


ICEPDNRIOS10 Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNRIOS12_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment Ow Diesel tailpipe from non-road equipment 
ICEPDNRIOS13 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Or. Diesel tailpipe from non-road equipment 
ICEPDNRIOS14_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 


VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


ICEPDNRIOS15 


ICEPDNRIOS16 | VOLUME 
ICEPDNRIOS17_ | VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS18 | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


ICEPDNRIOS19 

ICEPDNRIOS20 | VOLUME __| Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
Single Season Ice Pad Construction - Nonroad Equipment 
VOLUME _ | Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
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Source 
Type 


ICEPDNRIOS23_ | VOLUME 
ICEPDNRIOS24 | VOLUME 


Source ID 


October 2022 


Source Description _ Notes 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


ICEPDNRIOS25 VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 

Diesel tailpipe from non-road equipment | 


Diesel tailpipe from non-road equipment 


NOx to 
~- NO2 | 
Ratio 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
O22 


VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS27_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS28 | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS29_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS30 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS31_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRIOS32 | VOLUME 


ICEPDNRIOS33__| VOLUME 


ICEPDNRIOS38 | VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRIOS35 Diesel tailpipe from non-road equipment 

ICEPDNRIOS36 
ICEPDNRIOS37 Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


0.2 
Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 


ICEPDNRIOS39 | VOLUME 


ICEPDNROS1 VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
2 


ICEPDNRIOS40 | VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNRIOS41_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNRIOS42_ | VOLUME | Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


ICEPDNRIOS43_ | VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


ICEPDNROS2 VOLUME 
ICEPDNROS3 VOLUME 
ICEPDNROS4 


ICEPDNROS5 VOLUME 


ICEPDNROS6 VOLUME 
ICEPDNROS7 VOLUME 
ICEPDNROS8 VOLUME 


ICEPDNROS10 


Final Supplemental Environmental Impact Statement 


VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNROS9 VOLUME 
VOLUME 


| Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 
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Source ID 


Source 


Type 


Source Description 


October 2022 


Notes 


ICEPDNROS11 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS12 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS13 VOLUME Single Season Ice Pad Construction - Nonroad Equipment cal 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS14 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS15 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment To2 Diesel tailpipe from non-road equipment 
ICEPDNROS16 VOLUME Single Season Ice Pad Construction - Nonroad Equipment ; Diesel tailpipe from non-road equipment 
ICEPDNROS17 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS18 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS19 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS20 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS21 VOLUME Single Season Ice Pad Construction - Nonroad Equipment : Diesel tailpipe from non-road equipment 
ICEPDNROS22 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS23 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS24 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS25 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Toa Diesel tailpipe from non-road equipment 
ICEPDNROS26 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS27 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS28 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS29 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS30 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS31 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS32 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS33 VOLUME Single Season Ice Pad Construction - Nonroad Equipment [02 Diesel tailpipe from non-road equipment 
ICEPDNROS34 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS35 VOLUME | Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS36 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS37 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
ICEPDNROS38 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS39 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS40 VOLUME Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNROS41 VOLUME _| Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 


nd 
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Source ID 


Source 
Type — 


Source Description _ 


Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 


NOx to 


Ratio 


October 2022 


NO2 Notes _ 


: Diesel tailpipe from non-road equipment 
0.2 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


0.2 

0.2 Diesel tailpipe from non-road equipment 

0.2 Diesel tailpipe from non-road equipment 
2 


0. Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


VOLUME 
ICEPDNROS43__| VOLUME | 
| ICEPDNRPIP1 —_| VOLUME 
ICEPDNRPIP2 _| VOLUME 
ICEPDNRPIP3 | VOLUME 
ICEPDNRPIP4 | VOLUME 
ICEPDNRPIPS | VOLUME 
ICEPDNRPIP6 | VOLUME 
ICEPDNRPIP7 | VOLUME 
ICEPDNRPIP8 | VOLUME 
ICEPDNRPIP9 | VOLUME 


ICEPDNRPIP10 


VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRPIP11 


VOLUME 


ICEPDNRPIP12 


ICEPDNRPIP13 


VOLUME 
VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRPIP14 


VOLUME 


ICEPDNRPIP15 
ICEPDNRPIP16 
ICEPDNRPIP17 
ICEPDNRPIP18 
ICEPDNRPIP19 
ICEPDNRPIP20 


Single Season Ice Pad Construction - Nonroad Equipment 


0. Diesel tailpipe from non-road equipment 


2 
0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 


VOLUME 
VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 


VOLUME 
VOLUME 
VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


| VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 


| ICEPDNRPIP21 


VOLUME 


ICEPDNRPIP22 


ICEPDNRPIP23 
ICEPDNRPIP24 
ICEPDNRPIP25 VOLUME 


ICEPDNRPIP26 


VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


0.2 Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 
0.2 
| 0.2 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


ICEPDNRPIP27 


VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


VOLUME 
VOLUME 


ICEPDNRPIP28 VOLUME 


Single Season Ice Pad Construction - Nonroad Equipment 


0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 
Single Season Ice Pad Construction - Nonroad Equipment 


0.2 Diesel tailpipe from non-road equipment 


0.2 Diesel tailpipe from non-road equipment 


Single Season Ice Pad Construction - Nonroad Equipment 


ICEPDNRPIP29 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


0.2 Diesel tailpipe from non-road equipment 
0.2 Diesel tailpipe from non-road equipment 
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Source Nore 
Source ID Source Description NO2 Notes 


Type Ratio 
Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


ICEPDNRPIP30 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRPIP31 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


lpi 
0.2 
0.2 


Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNRPIP35 Single Season Ice Pad Construction - Nonroad Equipment Diesel tailpipe from non-road equipment 
ICEPDNRPIP36 Diesel tailpipe from non-road equipment 
ICEPDNRPIP37 Single Season Ice Pad Construction - Nonroad Equipment 

ICEPDNRPIP39 Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 
ICEPDNRPIP40 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 
ICEPDNRPIP41 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 
ICEPDNRPIP42 VOLUME Single Season Ice Pad Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 

Diesel tailpipe from non-road equipment 
ICEPDNRPIP43 VOLUME Single Season Ice Pad Construction - Nonroad Equipment ilpi - i 
ICERDNMGS1 POINT Seasonal Ice Road Construction - Generator Sets 


Diesel tailpipe from non-road equipment 
ICERDNMP POINT Seasonal Ice Road Construction - Pumps 


Diesel tailpipe from non-road equipment 
ICERDNR1 VOLUME Seasonal Ice Road Construction - Nonroad Equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


PIPHTR 


PIPNMAC POINT Pipeline Installation - Air Compressors Diesel tailpipe from non-road equipment 
PIPNMBR Pipeline Installation - Bore/Drill Rigs Diesel tailpipe from non-road equipment 
PIPNMGS1 Pipeline Installation - Generator Sets Diesel tailpipe from non-road equipment 


PIPNMGS2 POINT 
PIPNMGS3 POINT 


Diesel tailpipe from non-road equipment 
Diesel tailpipe from non-road equipment 


Pipeline Installation - Generator Sets 
Pipeline Installation - Generator Sets 


PIPNR1 VOLUME Pipeline Installation - Nonroad Equipment Diesel tailpipe from non-road equipment 
PIPNR2 VOLUME Pipeline Installation - Nonroad Equipment Diesel tailpipe from non-road equipment 
PIPNR3 VOLUME Pipeline Installation - Nonroad Equipment Diesel tailpipe from non-road equipment 


PIPNR4 VOLUME Diesel tailpipe from non-road equipment 


Pipeline Installation - Nonroad Equipment 


Final Supplemental Environmental Impact Statement Page |-118 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Source 


SourceID Source Description 
-Type 


Power Line Installation - Construction 


PLIHTR1 POINT Power Line Installation - Construction Heaters 0.1 Heaters 
PLINMGS1 POINT Power Line Installation - Generator Sets 0.1 Power Line Installation - Generator =o 
PLINMGS2 POINT Power Line Installation - Generator Sets 0.1 Power Line Installation - Generator Sets 
VOLUME =I Power Line Installation - Nonroad 
PLINR1 Power Line Installation - Nonroad Equipment se Equipment a 
VOLUME Power Line Installation - Nonroad 
PLINR2 Power Line Installation - Nonroad Equipment 0.2 Equipment 
VOLUME — = Power Line Installation - Nonroad a 
PLINR3 Power Line Installation - Nonroad Equipment 0.2 Equipment 
VOLUME [owe Line Installation - Nonroad = 
PLINR4 Power Line Installation - Nonroad Equipment = 0.2 Equipment | 
VSMNMBR POINT Vertical Support Member Construction - Bore/Drill Rigs 0.2 Diesel tailpipe from non-road equipment 
Eu SMINK! =] VOLUME Vertical Support Member Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
VSMNR2 VOLUME Vertical Support Member Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
VSMNR3 a eT Vertical Support Member Construction - Nonroad Equipment 0.2 Diesel tailpipe from non-road equipment 
| VSMNR4 VOLUME Vertical Support Member Construction - Nonroad Equipment a 0.2 Diesel tailpipe from non-road equipment 
WCFICETAIL1 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFICETAIL2 VOLUME | Mobile Support Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFICETAIL3 VOLUME Mobile Support Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFICETAIL4 — | VOLUME Mobile Support Equipment Tailpipe - WCF -| 0.15 Diesel tailpipe from on-road vehicles 


Table 1.1-11. Alternative E Near-field Model Scenario 4 Emissions Stack Parameters 


Elevation ple Diameter pe eleuee SigmaY Sigma 


(m) Z(m) 


Source ID Height 
m 


BT1OPSLH1 2.7432 
BT1OPSLH2 2.7432 


| BT1OPSBG 


Velocity Temperature 


(m) (m/s) (K) 
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; Release : Exit Release ; , 
Source Elevation i Diameter : SigmaY Sigma 
Source ID Type (m) Height (m) Velocity Temperature (m) 2(m) 
(m) (m/s) __(K) 


: Evi een cece 

41.6 
3.7 

|BT20PsuH1 | POINT | 2.7432_—*| 122 | 0.94 


a 

Per2oPstH2, | POINT) [/2:7432. [12.2 | 0.94 | 

15.1 

a | eee 

644 

Bb Ue oe n/ OLUN ENN 21742200 sen a) es | 26. 

0.356 | 41.6 | 644 feeder nad 
0.356 | 41.6 | 644 as eae 
rh eee roa (£27427 OsseR S| 46 | ce ee OS 1 ae 
ce ee 2 
6.1 | 0.46 ip vimees 6795 

RES Or st UCDae pV OLUNEME| (217437 tsi7er eerie = =e ecen © | = ees 126.740 p.|i0.38 

BE Te lire POINT) 27432098 03 778] 0.3565, i) 46s) 644) a ie 
Eps icra LPOINT ge 27432 ee [23.7 | 01356 S| 41.6 | 16449 aoe evan ete| 
Bboy (cre meme POIN ime ta 43 20a ea emi | 0.356 141.6 5) 6441 ee | eee) at 
POINT 2 30 ff 
WLWTGO1A POINT 3.05 30 2 35 5370 9 eral amet (eo | 
Cen Waele SEE eb ea ee Sh eee 
wawrrogan {pont _} 30839298 ag 
35 370 Seed sens 
ee 
WLWTGOS POINT 3.05 25 2 550 Eee] 
25 1273 eae Rea 
25 1 10 525 beeen ned 
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US  blameter Exit Release Si say Sigma 
Height , Velocity Temperature & (oe 
Type (m) Am) = imi ie  (m) Z(m) 


Source _ Elevation 


Source ID 


WLWHG04 POINT _| 3.05 25 i 10 525 : 
| WLWHGO1 POINT [3.05 | 25 Bice oman FEZ 


WLWHGO2__| POINT 3.05 25 1 aio 525 ae ~ 


WLWHGO6 __| POINT is [oe [1 


| WLWFGLPE POINT 3.05 114.08 | 20.42 | 20 1273 : a 
WLWFGHPE si POINT 3.05 106 18.48 | 20 | 1273 eeeoale 

| weropsrucD | votume | 3.05 | 3.7 oil ain A fs : Tas. UE =| 
wocewrGENa | poINT | 3.05 8.6 0.3 20 760 is : 

| WOCPWRGEN2 | POINT 3.05 8.6 i ea _| 760 : Seo 
WOCPWRGEN3 | POINT 3.05 8.6 0.3 | 20 760 dis : 
WLWIGO1 POINT 3.05 20 0.3 10 —_| 1200 eal | 

 wiwico2 POINT 3.05 20 | 03 10 1200 ake aia 
WLWHLOS _| POINT 3.05 13.19 | 03 i es : AE 
wittowair1 | AREAPOLY [ 2.9 [508 [- SE ; ne 23.63 ] 

| WILLOWAIR2 _| AREAPOLY | 2.9 IESE : : ail mes 

| WILLOWAIR3 _| AREAPOLY | 2.9 gs le iz : : | 23.63 _| 

| wocopsFucD | volume | 3.05 | 3.7 Pe E : a 15.1 3.38 
WCFPCE1 BpEALODg 3.05 i330 |e : EE ; EDS) 
WCFPCE2 AREAPOLY | 3.05 363 ASS lhe. : eS 3.38 | 

| WCFPCE3 AREAPOLY | 3.05 9.38. will taee ie : ~ [8.72 
WCFPCE4 AREAPOLY | 3.05 | 3.63 | - ae - nie 3.38 
WCFPCES AREAPOLY | 3.05 _| 3.63 |= le : ie 3.38__| 

| WCFPCE6 AREAPOLY | 3.05 oe : 2 : | 12337 
WCFPCE7 AREAPOLY | 3.05 _| 3.63 ae = : SE 3.38 
WCFSCE1 AREAPOLY | 3.05 1s ominle : e : 12.37 

_ | WCFSCE2 AREAPOLY | 3.05 __| 3.63 iz “le RE =p 3.38 

| woEsces AREAPOLY | 3.05 se Ae a : EB 8.72 
WCFSCE4 AREAPOLY | 3.05 cw : : : 3.38 | 
WCFSCE5 AREAPOLY | 3.05 | 3.63__| - sili : ae 3.38 

| WCFSCEG AREAPOLY | 3.05 moe es |e : 12.37 _| 
WCFSCE7 AREAPOLY | 3.05 Becaee hes elle =e 3.38 
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z Release ; Exit Release 
Source Elevation Diameter i 
Velocity Temperature 


Type (m) fee (m) (m/s) (Kk) 


SigmaY Sigma 
(m) Z(m) 


Source ID 


GCs RE ame AREA V24 3,05 Pts |£13 5 2 [an pe een | ees | Sn 12:87 
| WCFNRE2 _—| AREAPOLY [3.05 [3.63 [- one EES 
[wfnes__[ aneanour {3.05 _{ 9.38 _{-_ Pan RES) 
AREAPOLY 3.63 Ex Sees 
WCENRESS © /AREAPOLYs| 3.05ue| 3.63) [- 0. [=e -. ee | pas 
Verse cemeee MAREAROLVe|e0Sgueen|r13.3 | Se | | es | a2 37 
[Atal ENSTSTorO I ei Be ed Ed Oe Dc RT -2 
BT3NRE1 AREAPOLY | 2.74 3.66 ast eae 3.38 
NLU oe PA ee ea ee ee ea 
SoU: RG ee ee ee i eee 
RG TING Eames canEAOL | 2.745 13.63 ee | ee al 22 
RREAPOLYg 24m =u) 3 0s ene eas | See | ee em eee 38 
0.46 ee Tes eee eee 
AREAPOLY seine bel is 38 eek 
AREAPOLY | 2.74 - 
0.46 : 
BT5NRE1 AREAPOLY ese 
Ee 
SWELLINTE POINT D7As ee 64 
WOCPCE AREAPOLY — 3.38 
AREAPOLY Peso cues ol Soe ees 
WOCNRE AREAPOLY — 
1TAILA VOLUME 9.07 3.38 
ITAIL2 VOLUME ee ee 07 ec ee 
1TAIL3 RV OLUMERE| 21S (icons Soe 
ie TA pe AV OLUMEve: [22123 0h |3.66.se | eee 9.07 
1TAILG VOLUME | 2.13 3.66 9.07 3.38 
HEL ic ig geeee P01 UMEne |. 213 Sem <s.Go ua | ome eeetet | Ne pee emeetai 00.07 
2.13 S66 ee ee eee 3.38 
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Exit Release 


Solree ID Source | Elevation © ieee ' Diameter Velocity Temperature SigmaY Sigma 
Type (m) (m) bim/sjee i (m) _Z(m) 

trails | VOLUME _| 2.13 2660er i= Be : 9.07 3.38 

| 27 AIL VOLUME | 2.1336 | 3.66 |— ; : 9.07 | 3.38 
2TAIL2 | VOLUME Las 3.66 | - He : ~ [9.07 18 | 
2TAIL3 VOLUME. [2.4336 | 3.66 | - : iz SOS? 
2TAILA VOLUME | 2.1336 [3.66 | - : : 9.07 3.38 | 

| 2TAILS eure res oes Ee : 9.07 | 3.38 
2TAILG | VOLUME 2 366 se |e : ; _[ 9.07 3.38 = 
3TAIL1 VOLUME | 2.1336 | 3.66 | - = ; E 6.8 | 3.38 
3TAIL2 [vowume _| I : : [6s 3.38 | 
3TAIL3 VOLUME | 2.1336 [3.66 | - ies [- 6.8 _| 3:38 
3TAILA Sa cli cuss comme : : [6.8 3.38 

ie VOLUME | 2.1336 | 3.66 Se He ie 6.8 [3.38 a 
3TAIL6 ~_[ volume 2.1336 | 3.66 - : ; 6.8 3.38 
3TAIL7 VOLUME | 2.1336 [3.66 | - : : 6.8 _| 3.38 | 
STAIL1 volume | 2.1336 | 3.66 | - : : _|68 3.38 

| STAIL2 VOLUME | 2.1336 _| 3.66 ie E : 6.8 _| 338 =| 
STAIL3 VOLUME | 2.1336 pe cetenlG : : =| 6.8 3.38 a 
STAIL4 VOLUME | 2.1336 | 3.66 gles ae Es 6.8 _| 3.38 

| STAILS volume | 2.1336 | 3.66 | - : : _| 68 338 
STAILG volume | 2.1336 [3.66 | - =r aE 68 | 3.38 

TSTAIL7 volume | 2.1336__ [3.66 | - - ; [68 3.38 = 

| wocTAIL1 VOLUME | 2.1336 __| 3.66 ah ; - a5 9.07 3.38 
WOCTAIL2 VOLUME _| 2.1336 cicoue |e Be : | 9.07 3.38 | 
WOCTAIL3 VOLUME | 2.1336 | 3.66 aE Sai 9.07 3.38 
WOCTAIL4 VOLUME _| 2ia36tea| 2 come |= ee : _ [9.07 3.38 =| 
WOCTAILS VOLUME | 2.1336 _| 3.66 = 3 : 9.07 | 3.38 
WOCTAIL6 VOLUME | 2.1336 [3.66 | - ; : 9.07 3.38 zy 
WOCTAIL7 VOLUME | 2.1336 [3.66 | - aa. eel 9.07 3.38 
WOCTAIL8 ] VOLUME | 2.1336 | 3.66 _| - ile : 9.07 3.38 
WOCTAIL9 VOLUME | 2.1336 | 3.66 | - : 1 9.07 3.38 
WOCTAIL10 VOLUME | 2.1336 [3.66 | -_ ‘isscmnael lee 9.07 3.38 
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Source Elevation Reese Diameter exile Relense SigmaY Sigma 


Source ID Height Velocity Temperature 
Type (m) (m) (m) (m/s) (kK) (m) Z(m) 


ECGS clap | VOLUME wnl| 9211336 sab | 3b pea eens | 
fwocranae ['vowume _[2s36_fa6s_}-__{-_{-_1ae7__ 3.38 
3.66 4 : 
ee 


WOCTAIL17 
WOCTAIL18 
WOCTAIL19 


VOLUME 
WOCTAIL27 VOLUME 


WOCTAIL28 VOLUME 


WOCTAIL29_| VOLUME 
WOCTAIL30___| VOLUME 
VOLUME 
WOCTAIL32___ | VOLUME 
WOCTAIL33 __| VOLUME 
AIRTAIL1 VOLUME 
AIRTAIL2 VOLUME 
| AIRTAIL3 VOLUME 
AIRTAILA VOLUME 
AIRTAILS VOLUME 
AIRTAIL6 VOLUME 
AIRTAILT VOLUME 
2 
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Source Elevation Reiser ~ Diameter 
Height 


Type (m) cme on 


WCEFTAIL2 VOLUME 
| WCFTAIL3 VOLUME 


Exit s Release —_, a = 
Velocity Temperature ema y eens 
(m) Z(m) 


(m/s) (K) : 


9.07 3.38 
9.07 3.38 
9.07 3.38 


Source ID 


WCETAIL4 VOLUME 
WCFTAILS VOLUME B66 

| WCFTAIL6 VOLUME 3.66 
WCFTAIL7 VOLUMENE 2 1336000))3.66 


VOLUME 2.1336 3.66 
VOLUME e336 3.66 


WCFTAIL8 
WCFTAIL9 


WCFTAIL10 VOLUME | 2.1336 _| 3.66 
WCFTAIL11 VOLUME __| 2.1336 _| 3.66 

WCFTAIL12 VOLUME | 2.1336 _| 3.66 

WCFTAIL13 VOLUME | 2.1336 _| 3.66 

WCFTAIL14 VOLUME | 2.1336 __| 3.66 

WCFTAIL15 VOLUME 

WCFTAIL16 VOLUME 
WCFTAIL17 VOLUME | 
WCFTAIL18 VOLUME 

WCFTAIL19 | 
1MFUGD1 | 
1MFUGD2 

1MFUGD3 


1MFUGD5 VOLUME | 2. 
ieruee ___/ vote 2.13 3.66 

1MFUGD7 VOLUME 
| AMFuGD9 
2MFUGD1 


2MFUGD2 VOLUME | 2.1336 
2MFUGD3 VOLUME | 2.1336 
2MFUGD4 VOLUME | 2.1336 
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; Release ; Exit Release 5 os 
Source Elevation , Diameter , Sigma Y Sigma 
Source ID Type (m) Height (m) Velocity | Temperature (m) z (m) 
(m) (m/s) __ (K) 


3MFUGD2 
3MFUGD3_—| VOLUME [2.1336 | 3.66  |- | 
amFuGb4 | volume [21336 |366  |- |- 

3MFUGDS 3.66 Lee 
3MFUGD7 VOLUME | 2.1336 _| 3.66 

SMFUGD1 [vowwme | 1396 [3.66 f° __f>_{-_ 
smFuGb2 _| volume [2.1336 [366 |- [- 

SMFUGD4 | VOLUME | 2.1336 _| 3.66 

SMFUGDS5 EVOLUMEN 2.1336 0 | 366. —|-ueee | 
SMFUGD6 3.66 —_ 


2MFUGDS 9.07 
2MFUGD6 9.07 
3MFUGD1 6.8 
: o_o 

3.38 


en) : 
(oe) 
w 
1eS) 
oe) 


SMFUGD7 owe 2.1388 3.66 
WCFMFUGD1 | VOLUME | 2.1336 __| 3.66 
WCFMFUGD2 
WCEMFUGD3 
WCFMFUGD4___| VOLUME 

WCFMFUGD5 
WCFMFUGD6 | VOLUME 
WCFMFUGD7___| VOLUME 
WCFMFUGD8__| VOLUME 


WCFMFUGD9 VOLUME 


WCFMFUGD10_| VOLUME 
VOLUME 
WCFMFUGD12__| VOLUME 
WCFMFUGD13_| VOLUME 


WCFMFUGD14_ | VOLUME 2.1336 3.66 E © = 
WCFMFUGD15_ | VOLUME 2.1336 3.66 = = = 
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Diameter 


(m) 


Release © 
Height 
(m) 


Source 


Exit Release |. tee 
Velocity Temperature %872Y Sigma 
| (m) Z(m) 


(K) 


Elevation 
(m) — 


Source ID 
Type 


WCFMFUGD16_| VOLUME | 2.1336 | 3.66 __| - ; : _| 307 3.38 
WCFMFUGD17_| VOLUME | 2.1336 __| 3.66 _| : nis : 9.07 3.38 
WCFMFUGD18_| VOLUME (ais TE : : 9.071338 

| WCFMFUGD19 | VOLUME | 2.1336 | 3.66 | - e = 9.07 oe _| 
WOCMFUGD1_| VOLUME | 2.1336 [3.66 | - : : 9.07 3.38 
wocmFuGb2 | voLuME | 2.1336 | 3.66 | - ~P ails 9.07 | 3.38 | 
WOCMFUGD3_| VOLUME | 2.1336 | 3.66 _| - : : 9.07 3.38 
WOCMFUGD4 | VOLUME | 2.1336 _| 3.66 le E [- 9.07 | 3.38 
WOCMFUGDS BI OIUNE _| 2.1336 [366 [- a : _| 9.07 3.38 
WOCMFUGD6 —| ewes: =e : |- 9.07 _| 338 =| 
WOCMFUGD7__| VOLUME | 2.1336 _| 3.66 Sle =e : _[ 9.07 3.38 
WOCMFUGD8 | VOLUME | 2.1336 | 3.66 ‘| - : ic 9.07 | 3.38 =| 

| WOCMFUGD9 volume | 2.1336 __ | 3.66 ae ale : 9.07 3.38 
WOCMFUGD10 | VOLUME [ 2.1336 2.66 0 ule : : 9.07 338 | 
wocmrusb11 | voLuME _| 2.1336 EeaceE alr : [9.07 3.38 
WOCMFUGD12 | VOLUME _| 2.1336 [366 | - See al 9.07 _| 3.38 1 
wocmFuGp13 | volume | 2.1336 | 3.66__| - mle : [9.07 3.38 | 

| wocmFuGp14 | voluME | 2.1336 | 3.66 _| - : ae 9.07 | 3.38 
WOCMFUGD15 | VOLUME | 2.1336 | 3.66 3s be ; 9.07 3880 
wocmruGp16 | volume | 2.1336 | 3.66 | - : fe ee 3.38 

| WOCMFUGD17 VOLUME 2.1336 | 3.66 le =| 2 : 9.07 | 32 i 
wocmFuGD18 | voLUME | 2.1336 | 3.66 aE HE é _|s07 3.38 

| wocmFuGD19 | voluME | 2.1336 | 3.66 | - : : 9.07 3.38 
WOCMFUGD20 | VOLUME | 2.1336 _| 3.66 ie ae : _| 8.07 3.38 = 
WOCMFUGD21 | VOLUME | 2.1336 [3.66 | - : abe 9.07 za 3.38 
wocmruD22 | volume | 2.1336 | 3.66 | - : ; _ [9.07 3.38 
WOCMFUGD23 | VOLUME | 2.1336 | 3.66 | - ape) 9.07 | 238 
wocmFuGo24 | volume | 2.1336 | 3.66 ie iG - | 9.07 3.38 
wocmrucp2s | volume | 2.1336 [3.66 | - : : 9.07 | 3:38 
wocmrusD26 | volume _| 2.1336 | 3.66 aul E be 9.07 3.38 
WOCMFUGD27 | VOLUME | 2.1336 | 3.66 | - iz : 9.07 | 3.38 
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Source Elevation. | cee Diameter Release 
Source: Height Velocity Temperature 


TYEE (m) (mo (m/s) (Kk) 


Sigma Y Sigma 
(m) Z(m) 


1 be ae ee) 
| wocmFuGo29 | votume | 2.1336 | 3.66 | - 24 338 
-wocuruebad WOWME 2736 368 | 9.07 
3.66 po SS oe ee 
| wocmFuGo32 | vouMe | 2.1336 | 366 |- = |- Ss |- 9.07 3.38 
| wocmFuGo33 | volume | 2.1336 | 3.66 [|- Ss | 
Aumwafueo VOLUME 121538 [366 fo 6.8 3.38 

6.8 
FAIRMFUGD3 [volume | 2.1336 [366 |-  —|- 3.38 
PAIRMFUGD4 | volume | 21336 | 3.66  |- Ss [|- ss |- Ss | 888 
[AIRMFUGDS | volume | 2.1336 | 3.66 [- Ss |- 6.8 
6.8 3.38 
[63 | 338 5 | 
30 2 30 550 a 
2 30 550 Finca 
0.305 | 35 __—| 820 Ea 
12.2 [094 [57 | 529 Se cee 
644 oe 
0356 | 416 | 644 


RFDCD5 POINT 1.524 


55 820 
46.2 758 
AS Al DS 


RFDACF 
RFDCD4EXP 1.524 15.1 795 - ee 
RFDNW POINT 1.524 15.1 795 : SS 
RFDCD1EXP ieee 2755 ene eens [nite ee 
2DRILLPEA 614 — 
2DRILLCP1A 43.5 750 
2DRILLCP2A 
2DRILLB1A a7 450 

Seeker 


' 
' 


2DRILLB2A POINT 2.7432 ial 0.279 tile? 450 
2DRILLAH1A POINT 2.7432 10.5 0.3 she 533 
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Release Exit ——- Release 


Source ID ate ; ia aye Height pa Velocity | Temperature a pees BER: 
ee (m) ee (m/s) Kh | ae 
2DRILLAH2A _| POINT 27432 [105 | 0.3 ag 533 : : 

| 2DRILLMPA POINT 2.7432 | 7.2 0.3 10.8_| 533 : : 
2DRILLNMTEA | POINT 2.7432 | 6.5 0.3 47 761 1 ; 4 

| 2DRILLNMLTA _ | POINT = BU 437M iodeeee 0.3 “fas. | 795 Ree 
2DRILLNMPGA | POINT 2.7432 | 6.1 0.3 15.1 | 795 il : 
2DRILLNMCPA __| POINT 25/4 eS 7) {os | 46 689 - ; j 
2DRILLNMHSA | VOLUME | 2.7432__| 3.7 : : : 13.95 se 
2DRILLFLARE _| POINT 2.7432 [101 | 03 6.1 1033 ae : 

F 3DRILLPEA POINT D743 ise ahaa 10.5 | 614 ; =e 
3DRILLCP1A _| POINT paseo stots 43.5 | 750 Z| : : 
3DRILLCP2A _| POINT 2.7432 | 10.4 [o.3 baa.s 750 - : 
3DRILLB1A a EON 27 AS TT 900.279 a7 450 - mae 

| 3DRILLB2A POINT 2.7432 | 11.9 | 9.279 =a Tie 456 a2 : 
3DRILLAH1A _| POINT 2743209) 10.500 |/0.3 eye ee ; 

| 3DRILLAH2A _| POINT ~ | a.7a32 10508 3.2 533 : 
3DRILLMPA POINT ey Ge Tos 10.8 | 533 ; 
3DRILLNMTEA | POINT [23 0.3 - 


7 Asoamn Gs 
| 3DRILLNMLTA | POINT TAs aed 0.3 151 795 
| 3DRILLNMPGA POINT 27432 6d 0.3 Gal 795 
3DRILLNMCPA | POINT 2.74 a7 0.3 Bite 689 
3DRILLNMHSA | VOLUME | 3.6576 | 3.7 : a 
3DRILLFLARE | POINT faze] 10.1 0.3 eal 1033 
2FUGD VOLUME | 2.7432 | 3.66 ao am : : 06 7442 a, 
Prue VOUUMEMMI 21 7432um 3.66 3 d : 26.7442 | 3.38 
2FRACENG1 POINT 2.74321 3.7 [0.356 41.6 644 : 
2FRACENG2 POINT nape Nae; 0.356 ai6 aa 644 Ee 
2FRACENG3 POINT 2.7432 ac 0.356 41.6 644 
3FRACENG1 POINT Ayeys allew, 0.356 41.6 | 644 
3FRACENG2 POINT ewe ee 0.356 41.6 644 
3FRACENG3 POINT ken tay 0.356 41.6 644 
BT3OPSLH POINT 2.74 12.2 0.94 5.7 529 


Ht 


! 
' 
tote 
MS 
wo 
wn 
wl! jw]s 
w Ww 
co lee) 


THT 
TT 
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: Release : Exit Release ; ve. 
Source Elevation : Diameter ‘ SigmaY Sigma 
Source ID Type (m) Height (m) Velocity Temperature (m) z(m) 
tu) (m/s) (K) 


Te Se amie POIN Tea 2774 (Ge 0, doen) cio: gt e795 | OO eee | 
—— 
614 

761 

Abeer eae (COIN ame 21 536,22 | 0.94 5.7 | 529 S| 
EN ACammes POINT aie |231 326 B13 Ses 04E S| 10.59 | Ce = ee Se 
1PIPNMGS1 POINT 2.1336 | 6.1 0.46 ke) Een eee ee os 
apenas, _frowr _fiagse {68 02 fay 7 
0.2 47 761 Pea SI 
IESMINIAB Hoes = POIN THE 257432 5 10/:23.3 5-04-00 )| 10.5 >| 614 ey 
PeCROrt nee EOIN ame b2,)330ue 12.28 [0.94 57) Se | S20 — 
BEEEOANTC> ee EPOIN amen | #211530 00.5 ieee 102s a7 | 761s | See ee 
cerpamest from fas {65 _}o2 47 ef 
614 ee 
ie 6 lsee eee ae | Snr 
ICERDNMP 13.3 614 eee ee 
PIPHTR 1200 [se | 529 Sea | 
614 — 
PIPNMBR 13.3 614 

795 

PIPNMGS2 6.5 0.2 47 761 

PIPNMGS3 : 47 761 oes eed 
Dee ae 10.5 | 614 Coats Se 
2FACHTR1 Suen |528 calla Cea 
10.5 Hp 
2FACNMGS1 eee | 
2FACNMGS2 Spee eae 
2PIPHTRA peieeecet|er | 
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Exit Release 


Release 


Source ID ae ie ge Height ae Velocity Temperature | a a as 
Me Amb (m/s) (K) | 

2PIPNMAC POINT 21336 | 13.3] 014 10.5 | 614 : : 

| 2PIPNMBR POINT PEEL EEE Te 4 10.5 | 614 . Te 
2PIPNMGS1 POINT _| 2.1336 [6 0.46 — [eh Se ale : 1 
2PIPNMGS2 POINT 2.1336 | 6.5 fo2 47__| 761 : : 
2PIPNMGS3_| POINT SIEREE: 6.5 0.2 47 761 IE : 
[2VSMNMBR | POINT 2.7432 [133 | 0.4 Taos | 614 : : 
3FACHTR1 POINT 27432) Fi ae 0.94 5.7 529 aE ales 
3FACNMAC POINT See (338 _|o. 10.5 614 : : | 
3FACNMGS1__| POINT 2.7432 | 6.1 0.46 15.1 | 795 : S18 
3FACNMGS2__| POINT ea 6.5 (We a 47 761 Ss : : i 
PLIHTR1___| POINT Das somn 7a 00.94 5.7 529 : aE 
PLINMGS1 POINT 2.1336 | 6.1 0.46 7 15.1 | 795 ial : : 
PLINMGS2___| POINT 2.1336 | 65 ie 47__| 761 : al 1 
| 1FACNR VOLUME | 2.7432 | 3.66 | - : ; | 26.74418 3.38 
1FUGD _| votume 2.7432 [3.66 | - iE : 26.74419 | 3.38 
1ICETAIL1 VOLUME | 2.1336 | 3.66 | - pas 14.17674 | 3.38 
[4ICETANL2 | VOLUME _| 2.1336 [3.66 = =a : Saar 3.38 

| 1ICETAIL3 VOLUME | 2.1336 | 3.66 | - : a 14.17674 | 3.38 
LICETAIL4 [vowwme 2.1336 | 3.66 | - E ; “[naiz67a 3.38 

[ 1PIPNR VOLUME | 2.7432 | 3.66 ‘| - : cae 26.74419 | 3.38 
1VSMNR VOLUME | 2.7432. | 3.66 | - : : —[26.74a19 3.38 
2ICETAILI VOLUME | 2.1336 [3.66 | - : i 14.17674 | 3.38 
2ICETAIL2 VOLUME | 2.1336 [3.66 | - : : 14.17674 | 3.38 
2ICETAIL3 VOLUME | 2.1336 _| 3.66 Bie : IE: lat 3.38 
2ICETAILA VOLUME | 2.1336 [3.66 | - : : 14.17674 | 3.38 
3ICETAILI | 2.1336 | 3.66 [= Tae 14.17674 | 3.38 
3ICETAIL2 VOLUME | 2.1336 [3.66 | - ; : TASH oe 
3ICETAIL3 VOLUME | 2.1336 _| 3.66 Bee Ble : 14.17674 | 3.38 
3ICETAILA VOLUME | 2.1336 [3.66 | - : ae 14.17674 | 3.38 
FBROPNR1 VOLUME | 2.1336 | 3.66 ie : : 14.17674 | 3.38 
FBROPNR2 _| VOLUME | 2.1336 | 3.66 ‘| - : : 14.17674 | 3.38 
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Exit Release 


Source Elevation : Diameter SigmaY Sigma 


Source ID ype (m) (m) rpaeue eee (m) z(m) 

BEBROR NR seme VOLUMES (2:13.36 | "9 66 imal iets eters Een | 1417674) /63.38 S| 
BrEROPNEAMMEIN | VOLUME: ['2/1336 ailisieoNes |= SS 8 4 17674 [13.385 
\eatsihiige 5 MeN? PRR: leks ee Ee eS ee Ee 
PieePONAED DIM VOLUMEN 2 13360 |(3.66. Se) Se Ss | 957674415 3805 
Licerpwewon2 | vowse _2agae _{ 366 _{-_{__|.svert 3.38 
Me ONniCcieen RVOWWMEra2 13360m))3.600 ns S| ee eee TS e721 B38 

CED NAICS 2mm Ie vGl UMen | 211336 :00|'3.661 ws |e || Sy) 25.58 0) 3 sae 
RicerONRics sm RVOLUMEMn|e2 1336 eal] (3,660 | Se ie) Se 132.5608 [13.3389 
Licerpwriosa _ vouuse 2.4336 368 f= {te 
MICEPDNRiOSSawLVOLUMER= 12,1336 | 3.com | |e sel os )is2.56 5338 

RicePONNIOSGMMn VOLUMES |)2.1356 00) <3, come |e oe 58) = ee aa2seRe S28 
BIcEPON DIOS ame eV OLUMERE|62 1336 0) :3.G6snmn| =) mil] ee] Si ee 860465) 38a 
Jiceppnrioss_| vouume | 2.1336 [3.66 [- = |- = |- | 8.860465 | 3.38 | 
MICEPDNE IO so mee VOLUME 8}-2.133600 7 3.66.5 8 |= 859] oes eis Bise04es [3138 
Iceponriosio | vouume | 2.1336 | 366 |-  |- —|- | 8.860465 
3.66 8.860465 
ICEPDNRIOS13 youre 2a | 466 {2 ___{__| saroiss | 338 | 
ICEPDNRIOS14 | VOLUME | 2.1336 [3.66 |[-  [- |- | 8.860465 | 3.38 

fee FDNAIOsTo as SVOLUMEm [e21336 sen|ia comes ne PE Sm pe ei | is 860405 13:38 | 
[iceppnriosié _[vowume | 2.1336 [366 |-  [- |[- | 8.860465 | 3.38 | 
[EEC ONRICSI 706 | SVOLUM Ea 021336 |S 66 mien es ee ae eee £178. 860465)/13.33 08 
(CEPDNRIOG 19m VOLUME 942-40360en Ls.06 ume ne] oe = 8.860465 | 3.38 

iceponrios20 | votume | 21336 [366 |- |- |- | 8.860465 | 3.38 | 
ICEPDNRIOS21,_| voLUME [2.1336 [3.66 [= |- [= | 8.860465 | 3.38 | 
JICEPONRIOS22_)| VOLUME «| 2.13364 [13.66) s)i-u5 |e |e = [i8.800465.)3.385 
ICEPDNRIOS23_ | VOLUME | 2.1336 _| 3.66 ———E 8.860465 | 3.38 

| ICEPDNRIOS24 | VOLUME | 2.1336 | 3.66 8.860465 | 3.38 

[iceponriosas | vouume [2.1336 [366 [- [- —s|- | 8.860465 | 3.38 | 
ICEPDNRIOS26 | VOLUME | 2.1336 | 3.66 : : : 
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Source ID 


Source 
Type 


Elevation 


 (m) 


Release 
Height 
(m) 


Diameter 


_(m) 


Exit 
Velocity 
(m/s) 


Release 
Temperature 


ie 


(m) 


Z(m) 


| SigmaY Sigma 


ICEPDNRIOS27_| vOLUME | 2.1336 _ | 3.66 a: : 8.860465 | 3.38 
ICEPDNRIOS28 —Higiive [eee eae IE aE 8.860465 | 3.38 
ICEPDNRIOS29_| VOLUME | 2.1336 3.66 | - : : 8.860465 | 3.38 
ICEPDNRIOS30_| VOLUME | 2.1336 | 3.66 | -_ a : aE 8.860465 | 3.38 
eR VCE 2.1336 | 3.66 | - : : 3.860465 | 3.38 
ICEPDNRIOS32_| VOLUME _| 2.1336 3.66__ | : aE : eee 3.38 
ICEPDNRIOS33_| VOLUME | 2.1336 [3.66 _| - : : 8.860465 | 3.38 
ICEPDNRIOS34 VOLUME | 2.1336 | 3.66 | - — - 8.860465 | 3.38 
ICEPDNRIOS35_| VOLUME | 2.1336 | 3.66 | - : ES 8.860465 | 3.38 
ICEPDNRIOS36 eiatunte 2.1336 | 3.66 | - d : 8.860465 | 3.38 
ICEPDNRIOS37_| VOLUME | 2.1336. | 3.66 | - ake : eaepaee 3.38 
ICEPDNRIOS38_| VOLUME Eee 3.66) al = its le 8.860465 | 3.38 
ICEPDNRIOS39_| VOLUME | 2.1336 | 3.66 ‘| - : : | 8.860465 3.38 
ICEPDNRIOS40 | vOLUME | 2.1336 _| 3.66 sie : . 8.860465 | 3.38 = 
| !ceppnriosa1 | votume | 2.1336 | 3.66 | - - re: 8.860465 | 3.38 
ICEPDNRIOS42_| VOLUME | 2.1336 _| 3.66 L [- : 8.860465 | 3.38 
ICEPDNRIOS43_| VOLUME | 2.1336 | 3.66 | - : sie 8.860465 | 3.38 
ICEPDNROS1 | vouuME 2.1336 | 3.66 ‘| - ibe : _[az21 3.38 
[IcEPDNROS2 _| voluME | 2.1336 [3.66 | - ie 25.58 _| 3.38 
ICEPDNROS3 _| VOLUME | 2.1336 | 3.66 _| - j : 32.56 | 3.38 
ICEPDNROS4__| VOLUME _| 2.1336 3.65 | : ae : eae 3.38 
ICEPDNROSS _| VOLUME | 2.1336 | 3.66 | - ee 256 [336 | 
ICEPDNROS6 | VOLUME | 2.1336 | 3.66.| - ies ; 32.56 | 3.38 
HicePonRos7 VOLUME | 2.1336 [3.66 | - “ac 8.860465 | 3.38 al 
ICEPDNROS8 _| VOLUME | 2.1336 | 3.66 _| - : : 8.860465 | 3.38 
ICEPDNROS9 _| VOLUME | 2.1336 __| 3.66 + : : 8.860465 | 3.38 
ICEPDNROS10__| voLUME | 2.1336 | 3.66 __| - ‘ : 8.860465 | 3.38 
ICEPDNROS11__| VOLUME | 2.1336 | 3.66 des ice : 8.860465 | 3.38 
ICEPDNROS12_| VOLUME | 2.1336 | 3.66 | - Ss) Se 8.860465 | 3.38 
ICEPDNROS13_| VOLUME | 2.1336 | 3.66 | - ae : 8.860465 | 3.38 
ICEPDNROS14_| VOLUME | 2.1336 [3.66 | - ; dies 8.860465 | 3.38 
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Source Elevation Reetee Diameter aut AL Sigma Y Sigma 
Type inf Height (m) Velocity Temperature (m) z(m) 
(m) (m/s) (K) 


Source ID 


PELE ON A O1S Ts ie VOLUN a v5 3 3G Oa | GS |e ee |e 8 860455.) 35 
FICEPDNROSI6 | VOLUME [21336 |3.66  |- = [= [= | 8.860465 | 3.38 
Bie PDNROS1 798) VOLUME Welli2:13 seme bs cone Ss s/s | 8.860455: 33 
|Iceppnrosis | voluME | 2.1336 [3.66  |- =[- ~—s {- | 8.860465 | 3.38 
ICEEDNROS19 Jy VOLUMEDS 121336 9)//3.06 |S i) ales | 8.860465 348 
|ICEPDNROS20 | voLUME | 2.1336 [3.66 |- = |[- = |- | 8.860465 | 3.38 
GEE ONROo2 ee VOLUME 213360] 3660R Ee ae) = we | = 9) 8 260465 [3:38 
2.1336 | 3.66 -—--—_] eens | 338 
VOLUME 3.66 ae 8.860465 
VOLUME ff 2s | 8 
VOLUME Pere 
teeponmosas | you | 21386 1388} _t____sssbaés [3.38 
|CEPDNROS27 S| VOLUME [2.1336 |.3.060 |---| -  f  n60ses [3.38 
ICEPDNROS28 volun 124936 _| 366 __{-_ 
ICEPDNROS29_| VOLUME | 2.1336 | 3.66 |- 
2.1336 | 3.66 8.860465 | 3.38 
| ICEPDNROS32_| VOLUME | 2.1336 | 3.66 |- 


VOLUME 
aes eee 
ICEPDNROS38_ | VOLUME : E 8.860465 | 3.38 
ICEPDNROS40__| VOLUME ass 39 f ts ___| sass | a.38 J 
| IcePDNROS41 | volume | 2.1336 [3.66 |- | 
2.1336 | 3.66 8.860465 | 3.38 
MICECDNRPIP Lae eV OLUMEMS|-2:183608" |03'66 oe | ce bee eed een On 3701 
PIGEEDNRPIP2=es| WOLUME™s| 2.43300 |'3605 8 | en men 


Ee. Selecta 
Ree weed 
Eo Ee ees ee] 
pees ree 
eee LAs 
eee Rennes, | 
eee apt aps) 
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Release. 


Exit - Release | 
Height |... Velocity Temperature 
Meee as 


Source Elevation ‘Diameter SigmaY Sigma 


Source ID imi z(m) 


LICEPDNRPIP3 | VOLUME Fo ee ee 
[iceponrpipa | volume | 2.1336 | 3.66 _| - | eee ae 75a ee 


ICEPDNRPIPS | VOLUME | 2.1336 | 3.66 


ICEPDNRPIP6 | VOLUME | 2.1336 _| 3.66 : 3.38 
ICEPDNRPIP7 | VOLUME | 2.1336 | 3.66 : ; 8.860465 | 3.38 
ICEPDNRPIP8 | VOLUME _| 2.1336 ; : 8.860465 


8.860465 | 3.38 
8.860465 | 3.38 
8.860465 | 3.38 


ICEPDNRPIP9 VOLUME | 2.1336 BGG at A 


ICEPDNRPIP10 VOLUME 2.1336 3.66 
ICEPDNRPIP11 VOLUME 2.1336 3.66 


ICEPDNRPIP12 VOLUME 2.1336 3.66 = 2 = 


8.860465 | 3.38 
ICEPDNRPIP13_ | VOLUME | 2.1336 | 3.66 | - ; : 
ICEPDNRPIP14_ | VOLUME | 2.1336 | 3.66 | - : : 3.38 
ICEPDNRPIP15 | VOLUME | 2.1336 | 3.66 ; : : 8.860465 | 3.38 
ICEPDNRPIP16 | VOLUME | 2.1336 _| 3.66 : : 
ICEPDNRPIP17__| VOLUME | 2.1336 _| 3.66 : ; 8.860465 
ICEPDNRPIP18 | VOLUME | 2.1336 | 3.66 : : 8.860465 | 3.38 
ICEPDNRPIP19 | VOLUME | 2.1336 | 3.66 : : 8.860465 
: : 8.860465 
: 3.38 
ICEPDNRPIP22_| VOLUME 


ICEPDNRPIP25 | VOLUME | 2.1336 : 8.860465 | 3.38 
860465 


ICEPDNRPIP26 | VOLUME | 2.1336 3.38 
ICEPDNRPIP27_ | VOLUME | 2.1336 _| 3.66 
ICEPDNRPIP28 | VOLUME | 2.1336 _| 3.66 


ee ee fe eeoies cs 
8.860465 | 3.38 
ICEPDNRPIP29 | VOLUME | 2.1336 |3.66 |- | 8.860465 


ae 

Peace 

en | 8.860465 | 3.38 
ICEPDNRPIP23__| VOLUME a 8.860465 | 3.38 
| ICEPDNRPIP24 | voLUME | 2.1336 | 366  |-  —|- 8.860465 | 3.38 


ICEPDNRPIP30 | VOLUME | 2.1336 | 3.66 : 
ICEPDNRPIP31 | VOLUME | 2.1336 | 3.66 
ICEPDNRPIP32 | VOLUME | 2.1336 | 3.66 E hohe ok ae 4 e828. 860465 "(83 38 es | 

Guin Cie (fees cs Jee eee ban Eee Ee 
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Source ID 


Source Elevation 


Type (m) 


Release 
Height 


(m) 


Diameter 


(m) 


Release 
Velocity Temperature 


(m/s) (K) 


a Sr wee 


SigmaY Sigma 
_(m) Z(m) 


| IcePDNRPIP34_|voLuME | 2.1336 [3.66 |-  |- 8.860465 | 3.38 
3.66 8.860465 | 3.38 
3.66 8.860465 
8.860465 
3.66 8.860465 
3.66 8.860465 
ICEPDNRPIP42 | VOLUME | 2.1336 _| 3.66 8.860465 | 3.38 
[iceponnerees | vouume [2.1336 _{ 3.66 _{-_ 
2.1336 | 3.66 14.17674 | 3.38 
[icenbwea __[ vouume_[ 2.1936 _{ 3.66 _{-_ 14.17674 | 3.38 
2.1336 | 3.66 14.17674 | 3.38 | 
2.1336 )| 3.66 | - 
PIPNR1 2.1336 _| 3.66 : 
PIPNR2 2.1336 | 3.66 ; 14.17674 | 3.38 
PIPNR3 VOLUME | 2.1336 _| 3.66 : 14.17674 | 3.38 
PIPNR4 | VOLUME | 2.1336 _| 3.66 : 14.17674 | 3.38 
STCKPL 1.52 3.66 : 46.51163 
VSMNR1 VOLUME | 2.1336 _| 3.66 : 14.17674 | 3.38 


VSMNR2 


VOLUME 2.1336 


3.66 


14.17674 | 3.38 


VSMNR3 


VOLUME 2.1336 3.66 


AP 


14.17674 | 3.38 


VSMNR4 VOLUME 2.1336 3.66 - 14.17674 | 3.38 
WCFFUGD VOLUME 3.05 3.66 = 37-2093 le3:38 
WCFICETAIL1 VOLUME 2.1336 3.66 = 14.17674 | 3.38 

| WCFICETAIL2 VOLUME 2.1336 3.66 2 14.17674 | 3.38 
WCFICETAIL3 VOLUME 2.1336 3.66 = 14.17674 | 3.38 

| WCFICETAIL4 VOLUME 2336 3.66 = 14.17674 | 3.38 

ae VOLUME 2.1336 3.66 5 14.17674 | 3.38 
PLINR2 VOLUME 2.1336 3.66 > 14.17674 | 3.38 

| PLINR3 aa VOLUME 2.1336 3.66 = 14.17674 | 3.38 : 
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Exit _ Release 
Velocity Temperature 


(m/s) (K) 


Release 


Diameter 


(m) 


Elevation 


(m) 


Sigma Y 
(m) 


Source 
Type 


Sigma 
Z(m) 


Source ID Height 


PLINR4 VOLUME 
2FACNR ie ie EG” en ES Se ae eee 
| 2PIPNR VOLUME PS Se a ae 
2VSMINR VOLUME SS eee 
VOLUME 
ALPAIR1 AREAPOLY ate = |.93'63 5) 
AREAPOLY Ree Boe See 
ALPAIR3 AREAPOLY : : 


Table |.1-12. 


Alternative E Near-field Model Scenario 4 Emissions Rates 
Modeled Emission Rates (g/s) 
PMjo PMb.s 


Annual 
Hours 


co NOx 
1-hr and 8- 


hr 


Source ID S02 


1-hr Annual* 24-hr- 24-hr Annual? 1-hr 24-hr Annual? 


6.18E-02 
6.18E-02 4.17E-03 _ | 8760 
1.16E+00 | 6.63E-02 | 3.35E-02 2.21£-03 | 1.26£-04 | 500 
0.00E+00 | 0.00E+00 | 0.00E+00 | 2.57E-02 | 3.86E-03 | 3.86E-03 | 0.00E+00 | 0.00E+00 4380 
BT1WICTH ASTEO2 083201 817 206-02 | | 2.17E02. | 1946-02 =\i7i67E:03" | 1-94E-038)"| 1.94e-03 17.67£-04 

BT1WICTE 9.32E-02 | 3.68E-02 | 4.97E-03 | 4.97E-03 


BT1WILCTE 8.68E-01 


288 

1.96E-03 8.23E-05 8.23E-05 3.25E-05 288 
3.43E-01 2.71E-02 2.71E-02 1.07E-02 1.00E-03 1.00E-03 3.95E-04 288 | 
6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 8760 


BT2OPSLH1 6.18E-02 : : : 5 A7E- 

BT2OPSBG 1.16E+00 | 1.16E+00 | 6.63E-02 | 3.35E-02 | 3.35E-02__| 1.91E-03 
BT2OPSFUGD 3.86E-03 | 0.00E+00 
1946-02 | 7.67E-03__| 1.94E-03 
BT2WICTE 1.96E-03 | 8.23E-05 
2.71£-02 | 1.07E-02__| 1.00E-03__| 1.00E-03 
BT3OPSFUGD 3.86E-03 | 3.86£-03 | 0.00E+00 | 0.00F+00 | 0.00E+00 
7.20E-02 1.94E-02 | 7.67E-03 | 1.94€-03 | 1.94E-03 | 7.67E-04 | 288 
BT3WICTE 6.21£-02 | 9.32E-02 | 3.68E-02 | 4.97E-03 | 4.97E-03 | 1.96E-03 | 8.23E-05 | 8.23E-05 | 3.25E-05 | 288 
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Modeled Emission Rates (g/s) 


co NOx PMho - PM 5 s SO2 Annual 
Source ID 
1-hr and 8- Hours 
hr 1-hr Annual* 24-hr =———séi2.4-hr Annual* 24-hr Annual? 

2.71£-02 | 2.716-02 _ | 1.07-02 _| 1.00-03 
4.69£-03 | 4.696-03 | 4.69£-03 | 4.17£-03 8760 
6.63E-02 | 3.35€-02 | 3.35£-02 | 1.91£-03 | 2.21E-03 500 
2.18E-02 | 3.27E-03 _| 3.27E-03 4380 
7.20E-02 | 2.17E-02 7.67E-03 | 1.94E-03 _| 1.94€-03 288 
9.32E-02 | 3.68E-02 | 4.97E-03 | 4.97E-03 _| 1.96E-03 8.23E-05 288 
8.68E-01 | 3.43E-01 | 2.716-02 | 2.71£-02 _| 1.07E-02 1.00E-03 | 3.95E-04 
2.21£-01 | 2.216-01 2.22E-01 
4201200 me DIE 0190 1152 D1EO1eee| 22 1E-01 ml 2 22F Olen 22E 01 
1.45E+00 | 1.68E-01 | 1.68E-01 1.69E-01 1.69E-01 
WLWTGO2A 1.47E+00 | 1.45£+00 | 1.45E+00 | 1.68E-01 | 1.68E-01 | 1.68E-01 _| 1.69E-01 1.69E-01 | 8760 
1.45E+00 | 1.68E-01__| 1.68E-01 
6.08E-01 | 5.28E-02 | 5.28E-02 5.06E-02 | 5.06E-02 
6.08E-01 5.28E-02 | 5.28E-02 _| 5.28E-02 
1.19E+00 | 6.76E-02 | 3.70E-02 2.11£-03 | 1.22E-03 _| 1.22E-03 500 

| WLWHGO3 | -3.42E-01__ 3.10E-02 | 3.10£-02 2.75E-02 | 8760 

3.10E-02 | 2.75E-02 | 2.75E-02 


3.42E-01 4.08E-01 4.08E-01 3.10E-02 
WLWHG04 3.42E-01 4.08E-01 4.08E-01 3.10E-02 3.10E-02 


8760 


2.47E-01 1.88E-02 | 1.88E-02 | 1.88E-02 1.67E-02 | 1.67£-02 | 8760 
WLWHGO02 2.47E-01 1.88E-02 | 1.886-02 | 1.88-02 | 1.67E-02 | 1.67E-02 | 1.67E-02 _| 8760 
4.57E-01 3.47E-02 | 3.47E-02 3.09E-02 | 3.09E-02 | 3.09E-02 | 8760 
WLWFGLPE 4.94E-02 | 3.76E-03 3.76E-03 | 3.34E-03 | 3.34£-03 _| 3.34E-03 
4.15E-02 | 4.94E-02 | 4.94€-02 3.34E-03 | 3.34E-03 


3.76E-03 3.76E-03 3.76E-03 
WCFOPSFUGD 0.00E+00 0.00E+00 0.00E+00 3.45E-02 5.17E-03 De ZE-03 


WOCPWRGEN1 | 1.30E+00 1.30E+00 6.48E-01 3.70E-02 3.70E-02 1.85E-02 


6.48E-01 | 3.70E-02 | 3.70E-02 _| 1.85E-02 1.22E-03 | 4380 
WOCPWRGEN3 | 1.30E+00 | 1.30E+00 | 6.48E-01 | 3.70E-02 | 3.70£-02 | 1.85E-02 _| 2.45E-03 1.22E-03 

WLWIG01 3.99E-02 8.28E-02 | 1.36E-01 | 1.36E-01 
WLWIGO2 9.94E-02 | 8.28F-02 | 1.36E-01 | 1.36£-01 | 1.13E-01 
WLWHLOS 5.93E-03 | 2.376-02 | 2.37E-02 | 2.82E-03 | 2.53E-03 | 2.53E-03 


WILLOWAIR1 1.06E-07 2.91E-08 2.91E-08 1.20E-09 1.20E-09 1.20E-09 4.52E-09 4.52E-09 4.52E-09 8760 


0.00E+00 


d22E-03 4380 


0.00E+00 
2.45E-03 


0.00E+00 
2.45E-03 
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: 2 ____ Modeled Emission Rates (g/s) 
0 NOx feo RSS EM ee PM2.5 SO2 Annual 


Source ID re —— as “Eo 
1-hrand8- ‘i | Hours 


hr 1-hr Annual’ 24-hr 24-hr ~ Annual? 1-hr 24-hr Annual* 
1.06E-07 | 2.91£-08 | 2.91£-08 | 1.20E-09 | 1.20€-09 | 1.20£-09 | 4.52E-09 | 4.52E-09 | 4.52E-09 | 8760 
1.06E-07 | 2.91F-08 | 2.91E-08 | 1.20E-09 | 1.20€-09 | 1.206-09 | 4.52E-09 | 4.52E-09 | 4.52E-09 | 8760 
WOCOPSFUGD | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.11£-01 | 1.66E-02 | 1.66£-02 | 0.00E+00 | 0.00c+00 | 0.00E+00 | 4380 
WCEFPCE1 AASE-07,|)2.05E206 | )|/2.05E-06 | 1.54607 || 4.52E-07 | 4.52E507° || 2 65E000) | 2,656.09 | 2 .65E-09 | 8760 


WCFPCE2 4.48E-07 | 2.05E-06 | 2.05€-06 | 1.54E-07 | 1.52E-07 | 1.52E-07 | 2.65E-09 | 2.65£-09 | 2.65€-09 | 8760 
2.05E-06 | 2.05E-06 | 1.54E-07_ | 1.52E-07 | 1.52E-07 | 2.65£-09 | 2.65E-09 | 2.65E-09 | 8760 
WCEPCE4 2.05E-06 _| 1.54E-07 | 1.52E-07__| 1.52E-07 | 2.65€-09 | 2.65£-09 | 2.65E-09 | 8760 | 
WCEFPCES 2.05E-06 | 1.54E-07 | 1.52E-07__ | 1.52E-07 | 2.65£-09 | 2.65£-09 | 2.65E-09 | 8760 
WCFPCE6 2.05E-06 | 2.05E-06 | 1.54£-07 | 1.52E-07 | 1.52E-07 | 2.65£-09 | 2.65£-09 | 2.65E-09 | 8760 
WCEPCE7 2.05E-06 | 2.05E-06 | 1.54E-07 | 1.52€-07 | 1.52E-07 | 2.65£-09 | 2.65E-09 | 2.65E-09 | 8760 

| WCFSCE1 3.32E-07 | 4.16£-07 _| 4.16E-07 _| 3.18E-08 | 3.18-08 | 3.186-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCE2 3.32E-07 | 4.16E-07__| 4.16E-07 __| 3.18E-08 | 3.18F-08 | 3.18E-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCE3 3.32E-07 | 4.16E-07__| 4.16E-07 | 3.18E-08 | 3.18£-08 | 3.18E-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCE4 3.32E-07 | 4.16E-07__| 4.16£-07 | 3.18E-08 | 3.18£-08 | 3.18E-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCES 3.32E-07 | 4.16E-07__| 4.16E-07 | 3.18E-08 | 3.18E-08 | 3.18E-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCE6 3.32E-07 | 4.16€-07 _| 4.16E-07 _| 3.18E-08 | 3.18E-08 | 3.186-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

WCFSCE7 3.32E-07 | 4.16E-07 _| 4.16E-07 _| 3.18E-08 | 3.18E-08 | 3.186-08 | 2.83E-08 | 2.83E-08 | 2.83E-08 

9.17E-06 | 9.17E-06 | 6.51E-07 | 6.516-07 | 6.516-07 | 3.21E-09 | 3.21£-09 | 3.21E-09 

WCFNRE2 1.98E-06 | 9.17E-06 | 9.17E-06 | 6.51E-07__| 6.51£-07 | 6.51E-07 | 3.21E-09 | 3.21E-09 | 3.21E-09 

WCFNRE3 1.98E-06 | 9.17E-06 | 9.17E-06 | 6.51E-07 | 6.51E-07 | 6.51E-07 | 3.21£-09 | 3.21E-09 | 3.21E-09 


6.51E-07 6.51E-07 6.51E-07 3.21E-09 3.21E-09 3.21E-09 


WCFNRE4 1.98E-06 9.17E-06 


9.17E-06 


WCFNRES 9.17E-06 | 6.51E-07 | 6.51E-07 | 6.51E-07__| 3.21£-09 | 3.21E-09 _| 3.21E-09 

WCFNRE6 9.17E-06 | 6.51E-07 | 6.51E-07 | 6.51£-07 | 3.21£-09 | 3.21E£-09 _| 3.21E-09 

WCFNRE7 1.98E-06 | 9.17E-06 | 9.17E-06 | 6.51£-07 | 6516-07 | 6.51E-07 | 3.21E-09 | 3.21E-09 | 3.21E-09 

WLW2GEN 1.19E-01 | 5.87E-01 | 6.08E-01 | 3.46E-02 | 3.46€-02 | 3.53E-02 | 3.51E-04 | 3.51E-04 | 3.51E-04 7 
BT3NRE1 1.95E-06 2.08E-07 | 2.09E-07 _| 2.06E-07 | 2.06E-08 | 4.32E-09 | 4.32£-09 | 4.32E-10 

BT3WIN1 1.46E-06 | 3.79E-07 | 3.616-07 | 1.43£-07_ | 1.81£-08 | 1.81E-08 | 7.15E-09 | 288 
2.46E-01 1.11E-01 | 1.40E-02 | 1.40E-02 | 5.54£-03 | 5.18E-04 | 5.18E-04 288 
1.95E-06 2.09E-07 _| 2.06E-07 | 2.06E-08 | 4.32E-09 


1.81E-08 1.81E-08 288 


5.18E-04 | 5.18E-04 


etoe-09 
2.04E-04 


1.43E-07 
5.54E-03 


BTIWIN1 2.64E-06 


IWELLINTE 2.46E-01 


SEO 3.61E-07 
1.40E-02 1.40E-02 


3.70E-06 
2.81E-01 


1.46E-06 
1.11E-01 
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Modeled Emission Rates (g/s) 
co é NOx PMio PMi.5 SO; Annual 


1-hr and 8- Hours 
hr 1-hr Annual? 24-hr 24-hr Annual 1-hr 24-hr Annual* 


Source ID 


ee) 
a 


N 


BT2NRE1 1.95E-06 2.08E-06 2.08E-07 2.09E-07 2.06E-07 2.06E-08 4.32E-09 4.32E-09 4.32E-10 7 


1.46E-06 | 3.79-07 88 
2WELLINTE 2.46E-01 | 2.81E-01 | 1.11£-01 | 1.40E-02 | 1.40E-02 | 5.54E-03 __| 5.18E-04 88 
BTSNRE1 2.08E-06 
BTSWIN1 2.64E-06 | 3.70E-06 


2.08E-07 | 2.09E-07 | 2.06E-07 | 2.06E-08 _| 4.32E-09 

1.46€-06 | 3.79E-07 | 3.61E-07 | 1.43E-07 | 1.81£-08 | 1.81E-08 _| 7.15E-09 
2.81£-01 | 1.11£-01 | 1.40E-02 | 1.40E-02 | 5.54E-03 
7.88E-08 3.56E-07 | 2.83E-08 | 2.75E-08 | 2.75E-08 _| 7.86E-10 _| 7.86E-10 760 
1.07E-07 | 8.44E-09 | 8.44E-09 | 8.44€-09 8760 
WOCNRE 5.55E-07 | 2.47E-06 | 1.86E-06 _| 2.08E-07 8760 
8760 


76 
88 
88 


8 
2 
2 
8 


1.07E-05 | 1.04£-05 | 1.04£-05 | 1.35€-06 | 4.91£-07 _| 4.91E-07 8760 
1TAIL3 1.07E-05 | 1.04£-05 | 1.04£-05 | 1.356-06 | 4.91E-07 | 4.91£-07 | 5.54E-08 | 5.54E-08 | 5.54E-08 | 8760 
1.07E-05 | 1.04€-05 | 1.04€-05 | 1.35£-06 | 4.91E-07 _| 4.91£-07 
1.07E-05 | 1.04E-05 | 1.04E-05 | 1.35E-06 | 4.916-07 | 4.91E-07 | 5.54E-08 | 5.54E-08 | 5.54E-08 
1.04£-05 | 1.04E-05 | 1.35£-06 | 4.916-07 | 4.91£-07 | 5.54E-08 | 5.54E-08 _| 5.54E-08 
1.07E-05 | 1.04E-05 | 1.04£-05 | 1.35E-06 | 4.916-07 | 4.91£-07 | 5.54E-08 | 5.54E-08 | 5.54E-08 | 8760 
1TAIL8 1.07E-05 | 1.04£-05 | 1.04€-05 | 1.35£-06 | 4916-07 | 4.91£-07 | 5.54E-08 | 5.54E-08 | 5.54E-08 _| 8760 
1TAILS 1.07E-05 | 1.04F-05 | 1.04£-05 | 1.356-06 | 4916-07 | 4.91E-07 | 5.54E-08 | 5.54E-08 | 5.54E-08 | 8760 
2TAILI 9.54E-06 | 1.44E-05 | 2.37E-05 | 2.216-06 | 6.95E-07 | 1.13E-06 | 9.01E-08 | 9.01E-08 | 1.40E-07__ | 8760 
2TAIL2 954-06 | 1.446-05 | 2.37E-05 | 2.216-06 | 6.95E-07 | 1.13E-06 | 9.01E-08 | 9.01E-08 | 1.40E-07__| 8760 


2TAIL3 9.54E-06 1.44E-05 ZS E-05 2.21E-06 6.95E-07 1.13E-06 9.01E-08 9.01E-08 1.40E-07 8760 

[ 2TAIL4 9.54E-06 1.44E-05 23 /E-05 De NMEAYS G:95E-07, T13E-06 9.01E-08 9.01E-08 1.40E-07 8760 

| 2TAILS 9.54E-06 1.44E-05 DANE OS 2.21E-06 6.95E-07 1.13E-06 9.01E-08 9.01E-08 1.40E-07 8760 

| 2TAIL6 9.54E-06 [.aae-o5 2.37E-05 2.21E-06 6.95E-07 1 13E-06 9.01E-08 9.01E-08 1.40E-07 8760 
3TAIL1 8.17E-06 1.23E-05 2.03E-05 1.89E-06 5.96E-07 9.71E-07 7.72E-08 Tel ZE-08 1.20E-07 8760 

arait 8.17E-06 1.23E-05 2.03E-05 1.89E-06 5.96E-07 SEAM ELO/ 7.72E-08 7.72E-08 1.20E-07 8760 
3TAIL3 8.17E-06 i23E-05 2.03E-05 1.89E-06 5.96E-07 SQ) 7/MEOW/ 7.72E-08 7.72E-08 1.20E-07 8760 
3TAIL4 8.17E-06 I PEOS 2.03E-05 1.89E-06 5.96E-07 OF LEO, 7.72E-08 7.72E-08 1.20E-07 8760 
3TAILS 8.17E-06 1.23E-05 2.03E-05 1.89E-06 5.96E-07 S) AE O7/ 7.72E-08 7.72E-08 1.20E-07 8760 
3TAIL6 8.17E-06 123505 2.03E-05 1.89E-06 5.96E-07 Sh WE OW 7.72E-08 7.72E-08 1.20E-07 8760 | 
3TAIL7 8.17E-06 CoE T| 2.03E-05 __| 1.89€-06 5.96E-07 Oey 7.72E-08 7.72E-08 1.20E-07 8760 | 
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| eee Modeled Emission Rates (g/s) 3 oe 
= ee) NOx é ; ~~ PMio «| ‘ ~ PMas Ke a SO2 Annual 


Source ID 


1-hr and 8- Hours 


hr 4-hr = Annual? 24-hr _ 24-hr Annual? 1-hr 24-hr ~——s Annual* 


STAIL1 8.17E-06 7.94E-06 7.94E-06 1.03E-06 3.76E-07 3.76E-07 4.24E-08 4.24E-08 4.24E-08 8760 
STAIL2 8.17E-06 7.94E-06 7.94E-06 1.03E-06 ‘| 3.76E-07 3.76E-07 4.24E-08 4.24E-08 4.24E-08 8760 | 

| 5TAIL3 8.17E-06 7.94E-06 7.94E-06 1.03E-06 3.76E-07 3.76E-07 | 4.24€-08 4.24E-08 | 4.24€-08 [iia 

| STAIL4 8.17E-06 7.94E-06 7.94E-06 [ 1.03E-06 3.76E-07 3.76E-07 4.24E-08 4.24E-08 4.24E-08 8760 
5TAILS 8.17E-06 7.94E-06 GEE 1.03E-06 een 3.76E-07 4.24E-08 4.24E-08 4.24E-08 8760 1 
5STAIL6 8.17E-06 7.94E-06 7.94E-06 1.03E-06 3.76E-07 3.76E-07 4.24E-08 [4246-08 4.24E-08 hea 
STAIL7 8.17E-06 er 7.94E-06 1.03E-06 3.76E-07 3.76E-07 4.24E-08 4.24E-08 4.24E-08 8760 =| 
WOCTAIL1 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 I 4.A9E-08 _| 4,496.08 | 4.49E-08 | 8760 
WOCTAIL2 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 a) 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 1 
WOCTAIL3 8.65E-06 8.41E-06 8.41E-06 1.09E-06 = 3.98E-07 3.98E-07 ai 4.49E-08 4.496-08 | 4.49E-08 [8760 | 
WOCTAIL4 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL5 8.65E-06 8.41E-06 8.41E-06 iimosear | 3986-07 3.98E-07 | 4.49€-08 4.49E-08 4.49E-08 8760 
WOCTAIL6 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 si 
WOCTAIL7 | 8.656-06 8416-06 | 8.41E-06 _| 1.09€-06 3.98E-07 3.98E-07 | 4.496-08 4.49E-08 4.49E-08 8760 
WOCTAIL8 8.65E-06 jase 8.41E-06 1.09E-06 ae 3.98E-07 4.49E-08 eee 4.49E-08 8760 

| WOCTAIL9 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL10 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.986-07 | 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL11 ~ [8.65606 | 8.41E-06 8.41E-06 1.09E-06 3.98E-07 p=28eO7 4.49E-08 4.49E-08 4] 4.49E-08 8760 

| WOCTAIL12 8.65E-06 8.41E-06 8.41E-06 | 1.096-06 3.98E-07 3.98E-07 WEEE 4.49E-08 4.49E-08 8760 
WOCTAIL13 __| 8.65E-06 8.41E-06 8.41E-06 1.09E-06 Eon 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 

| WOCTAIL14 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL15 8.65E-06 8.41E-06 8.41E-06 _| 1.09€-06 | 3.986-07 3.98E-07 [4.a9€-08 4.49E-08 4.49E-08 8760 By 
WOCTAIL16 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 sen 4.49E-08 8760 
WOCTAIL17 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 | 8760 
WOCTAIL18 8.65E-06 8.41E-06 8.41E-06 i lenacete eer 3.98E-07 4.49E-08 4.49E-08 | 4.49€-08 8760 
WOCTAIL19 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 | 8760 ea 
WOCTAIL20 8.65E-06 8.41E-06 8.41E-06 1.09E-06 [ 3.98€-07 3.98E-07 4.49E-08 4.49E-08 _ | AES 1 8760 =a 
WOCTAIL21 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL22 8.65E-06 8.41E-06 8.41E-06 1.09E-06 | 3:98:07 3.98.07 | 4.49E-08 4.49E-08 4.49E-08 8760 
WOCTAIL23 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 | 

pao 8.65E-06 8.41E-06 | 8.41E-06 | 1.09E-06 | 3.98E-07 3.98E-07 4.49E-08 | 4.49E-08 4.49E-08 [8760 ‘= 
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Modeled Emission Rates (g/s) 
co NO x PMho PM).5 SO2 Annual 


Source ID 
1-hr and 8- Hours 


hr 1-hr Annual* 24-hr 24-hr Annual 1-hr 24-hr Annual? 


WOCTAIL27 

WOCTAIL28 1.09E-06 4.49E-08 | 4.49E-08 

WOCTAIL29 8.41£-06 | 1.09E-06 | 3.98E-07 | 3.98E-07 | 4.49E-08 | 4.49£-08 | 4.49E-08 _| 8760 
[3.98607 | 


WOCTAIL31 1.09E-06 | 3.98E-07 _| 3.98E-07 
1.09E-06 | 3.98E-07 _ | 3.98E-07 
4.49E-08 | 4.49E-08 
4.49E-08 | 4.49E-08 


WOCTAIL33 8.65E-06 8.41E-06 8.41E-06 1.09E-06 
AIRTAIL1 8.65E-06 8.41E-06 8.41E-06 1.09E-06 


AIRTAIL2 8.65E-06 8.41E-06 8.41E-06 1.09E-06 
AIRTAIL3 8.65E-06 8.41E-06 8.41E-06 1.09E-06 
AIRTAIL4 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 8760 


AIRTAILS 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 


AIRTAIL6 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 3.98E-07 4.49E-08 4.49E-08 4.49E-08 
AIRTAIL7 8.65E-06 8.41E-06 8.41E-06 1.09E-06 3.98E-07 | 3.98E-07 4.49E-08 4.49E-08 4.49E-08 


WCFTAIL1 1.06E-05 1.03E-05 1.03E-05 1.33E-06 4.86E-07 4.86E-07 5.48E-08 5.48E-08 5.48E-08 


3.98E-07 


3.98E-07 
3.98E-07 3.98E-07 
3.98E-07 S.98E-07 


4.49E-08 
4.49E-08 


4.49E-08 
4.49E-08 


WCFTAIL2 1.06E-05 | 1.03E-05 _ | 1.03€-05 
WCFTAIL3 1.06E-05 | 1.03E-05 _| 1.03E-05 5.48E-08 | 8760 
WCFTAIL4 1.06E-05 | 1.03E-05 1.33E-06 | 4.86£-07 | 4.86£-07 | 5.48E-08 | 5.48E-08 | 5.48£-08 | 8760 
WCEFTAILS 1.03E-05 4.86E-07 5.48E-08 | 5.48E-08 


4.86E-07 5.48E-08 


WCFTAIL6 1.06E-05 1.03E-05 HFOSE-05 


1.33E-06 | 4.86E-07 
1.33E-06 | 4.86E-07 


8760 
5.48E-08 5.48E-08 8760 


WCFTAIL7 1.06E-05 1.03E-05 1.03E-05 4.86E-07 5.48E-08 5.48E-08 5.48E-08 8760 
1.33E-06 | 4.86E-07 4.86E-07 5.48E-08 5.48E-08 5.48E-08 8760 


Peele 1.06E-05 1.03E-05 1.03E-05 
WCFTAILY 1.06E-05 1.03E-05 1.03E-05 4.86E-07 4.86E-07 5.48E-08 5.48E-08 5.48E-08 8760 


WCFTAIL10 1.06E-05 | 1.03E-05 1.33E-06 | 4.86E-07 5.48E-08 | 5.48E-08 | 8760 
WCFTAIL11 1.06E-05 | 1.03E-05 | 1.03E-05 | 1.33E-06 | 4.86E-07 | 4.86E-07 | 5.48E-08 | 5.48E-08 
5.48E-08 | 5.48€-08 | 5.48E-08 _| 8760 

WCFTAIL13 1.03E-05 | 1.03E-05 | 1.33E-06 4.86E-07 | 5.48E-08 


WCFTAIL14 1.06E-05 1.03E-05 1.03E-05 1.33E-06 4.86E-07 4.86E-07 | 5.48E-08 5.48E-08 5.48E-08 8760 


WCFTAIL15 1.06E-05 1.03E-05 1.03E-05 1.33E-06 4.86E-07 4.86E-07 | 5.48E-08 5.48E-08 5.48E-08 8760 
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ou, Modeled Emission Rates (g/s) 


oO 


Source ID Nes ee Esse ENO PMs SO2 _ Annual 
1-hr and 8- Hours - 
hr Annual? 24-hr 24-hr Annual? -41-hr 24-hr Annual? 

WCFTAIL16 1.06E-05 | 1.03E-05 _| 1.03E-05 _| 1.33E-06 | 4.86£-07 | 4.86£-07 | 5.48E-08 | 5.48E-08 |5.48E-08 | 8760 
WCFTAIL17 1.06E-05 | 1.03E-05 | 1.03E-05 | 1.33E-06 | 4.86E-07 | 4.86£-07 | 5.48E-08 | 5.48E-08 | 5.48E-08 | 8760 
WCFTAIL18 1.06E-05 | 1.03E-05 _| 1.03E-05 | 1.33E-06 | 4.86£-07 | 4.86£-07 | 5.48E-08 | 5.48E-08 | 5.48E-08 
WCFTAIL19 1.06E-05 | 1.03E-05 | 1.03E-05 | 1.33E-06 | 4.86£-07 | 4.86£-07 | 5.48E-08 | 5.48E-08 | 5.48E-08 
1MFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-03 | 3.45E-04 | 3.45E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 
1MFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-03 | 3.45E-04 | 3.45E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 
1MFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 ~ fase: 3.45E-04 | 3.45£-04 | 0.00E+00 | 0.00E+00 [o.00€+00 
1MFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45€-03 | 3.45E-04 | 3.45£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 a 
1MFUGDS5 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-03 | 3.45E-04 | 3.45£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
1MFUGD6 0.00E+00 | 0.00E+00 | 0.00F+00 | 3.45£-03 | 3.45£-04 | 3.45E-04 0.006+00 _| 0.00E+00 [0.008+00 4380 
1MFUGD7 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-03 | 3.45E-04 | 3.45£-04 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 4380 oa 
1MFUGD8 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45E-03 [aast.04 3.45E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
1MFUGD9 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45£-03 | 3.45E-04 | 3.45€-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 

| 2MEUGDI 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.45€-03 | 3.45E-04 | 6.19£-04 | 0.00£+00 | 0.00E+00 | 0.00E+00 
2MFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.08E-03 | 3.08E-04 | 5.82E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
2MFUGD3 0.00E+00 Fo.0E+00 O.00E+00 | 3.08E-03 | 3.08E-04 __| 5.82E-04 | 0.00E+00 | 0.00&+00 | 0.00E+00 | 4380 
2MFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.08E-03 | 3.08E-04 | 5.82E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
2MFUGD5 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.08E-03 | 3.08E-04 | 5.82E-04 | 0.00F+00 | 0.00E+00 | 0.00E+00 | 4380 
2MFUGD6 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.08E-03 | 3.08E-04 | 5.82E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3MFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.08E-03 | 3.08E-04 | 5.43E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 

0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64£-03 | 2.64E-04 | 4.99E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 

| 3MFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64E-03 | 2.64E-04 | 4.99£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3MFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64£-03 | 2.64£-04 | 4.99£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3MFUGDS5 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64£-03 | 2.64£-04 | 4.99£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3MFUGD6 0.00E+00 | 0.00E+00__| 0.00E+00 | 2.64€-03 | 2.64£-04 | 4.99E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3MFUGD7 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64€-03 | 2.64£-04 | 2.64£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 | 
5MFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 2.64E-04 | 2.64£-04 | 0.00F+00 | 0.00E+00 | 0.00F+00 | 4380 

0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64£-03 | 2.64E-04 2606.08 | 0.00E+00 | 0.00E+00 | 0.00E+00 
5MFUGD3 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64€-03 | 2.64E-04 | 2.64€-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 

| SMFUGD4 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64€-03 | 2.64£-04 | 2.64£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 

| SMFUGDS 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64£-03 | 2.64£-04 | 2.64£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
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Modeled Emission Rates (g/s) 


co NOx PMio 


PMa.5 


wwewoewvwvw Vv oew vu YS 


October 2022 


Annual 


Source ID 

1-hr and 8- Hours 

hr 1-hr Annual" 24-hr 24-hr Annual? 1-hr Annual? 

2.646-04 
2.646-04 | 2.64E-04 | 0.00E+00 
3.416-04 | 3.41£-04 | 0.00E+00 
0.00E+00 | 3.41£-03 | 3.41F-04 | 3.41E-04 
0.00E+00 | 0.00E+00 | 3.41£-03 | 3.41E-04__| 3.41F-04 0.00E+00 | 0.00E+00 
3.41£-04 | 0.00E+00 
3.41£-03 
3.41E-03 | 3.41£-04 | 3416-04 
0.00E+00 | 3.41£-03 | 3.41£-04 | 3.41£-04 _| 0.00E+00 
3.41E-04 | 3.41£-04 
3.41£-04 | 3.41£-04 | 0.00E+00_| 0.00E+00 
3.41£-04 | 3.41£-04 | 0.00E+00__| 0.00E+00 
3.41£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
3.41£-04 | 3.41E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 


3.41E-03 
3.41E-03 


3.41E-04 
3.41E-04 


WCFMFUGD16 | 0.00E+00 0.00E+00 
WCFMFUGD17_ | 0.00E+00 0.00E+00 


0.00E+00 


0.00E+00 
3.41E-04 0.00E+00 


WCFMFUGD18 | 0.00E+00 0.00E+00 3.41E-03 3.41E-04 


3.41E-04 0.00E+00 


0.00E+00 


0.00E+00 | 0.00E+00 
0.00E+00 | 0.00E+00 _| 4380 


0.00E+00 


WCFMFUGD19_ | 0.00E+00 0.00E+00 0.00E+00 3.41E-03 3.41E-04 3.41E-04 0.00E+00 0.00E+00 
WOCMFUGD1 0.00E+00 0.00E+00 0.00E+00 279 E-03 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 
WOCMFUGD2 0.00E+00 0.00E+00 0.00E+00 2.79E-03 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 4380 


WOCMFUGD4 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79E-04 | 2.79E-04 | 0.00E+00 | 0.00F+00 | 0.00E+00 | 4380 

WOCMFUGDS | 0.00E+00 | 0.00E+00 | 0.00E+00 
WOCMFUGD6 2.79E-03 | 2.79E-04 
WOCMFUGD7 0.00E+00__| 0.00E+00 
WOCMFUGD8 _| 0.00E+00 
WOCMFUGD9 _| 0.00E+00 
WOCMFUGD10 | 0.00E+00 0.00E+00 | 2.79E-03 | 2.79£-04 | 2.79E-04 | 0.00E+00 | 0.00E+00 
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eee Modeled Emission Rates (g/s) 
co sel : e PMio Ble ; PM3,5 : : SO, Annual 


Source ID 
Hours 


1-hrand8- : ae 

hh 1-hr Annualt 24-hr  =——s224-hr ~Annual* | 1-hr 24-hr Annual? 
0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79E-04 | 2.79E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79E-04 | 2.79F-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
2.79E-03 | 2.79E-04 _| 2.79E-04 _| 0.00E+00 | 0.00E+00 | 0.00E+00 
0.00E+00 | 0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79E-04 | 2.79E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD15 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79£-04 | 2.79£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


WOCMFUGD16 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.79£-03 | 2.79E-04 | 2.79F-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD17 0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79£-04 | 2.79£-04 | 0.00E+00 | 0.00E+00 
WOCMFUGD18 2.79E-03 | 2.79E-04 | 2.79£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD19 2.79E-03 | 2.79E-04 _| 2.79-04 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD20 2.79E-03 | 2.79E-04 | 2.79E-04 
WOCMFUGD21 2.79E-04 | 0.00E+00 0.00E+00 | 4380 
WOCMFUGD22 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.79E-03 | 2.79E-04 | 2.79£-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
0.00E+00 | 4380 
0.00E+00 | 4380 
WOCMFUGD25 2.79E-03 | 2.79E-04 _| 2.79E-04 0.00E+00 | 4380 
WOCMFUGD26 2.79E-03 | 2.79E-04 | 2.79E-04 _| 0.00E+00 0.00E+00 | 4380 
WOCMFUGD27 0.00E+00 | 2.79E-03 | 2.79-04 0.00£+00 | 0.00E+00 
WOCMFUGD28 2.79E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 
0.00E+00 | 4380 


WOCMFUGD29 | 0.00E+00 0.00E+00 0.00E+00 2Z7T9E-03 2.79E-04 2.79E-04 0.00E+00 0.00E+00 
WOCMFUGD30 | 0.00E+00 0.00E+00 0.00E+00 Z79IE-03 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 
WOCMFUGD31 | 0.00E+00 0.00E+00 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 4380 


0.00E+00 2.79E-03 
WOCMFUGD32 | 0.00E+00 0.00E+00 0.00E+00 2.79E-03 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 4380 
WOCMFUGD33 _ | 0.00E+00 0.00E+00 0.00E+00 2.79E-04 2.79E-04 0.00E+00 0.00E+00 0.00E+00 4380 


AIRMFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 2.79E-04 | 2.79E-04 | 0.00E+00 0.00E+00 | 4380 
AIRMFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 2.79E-04 | 2.79E-04 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 4380 
0.00E+00 | 0.00E+00 _| 4380 
0.00E+00 | 0.00E+00 _| 4380 
4380 
0.00E+00 _| 4380 


WOCTEMPTRB1 | 4.41E-01 4.35E-01 4.35E-01 5.04E-02 5.04E-02 5.04E-02 5.06E-02 5.06E-02 5.06E-02 8760 


279-03 
ZIGE-03 
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Modeled Emission Rates (g/s) 


weweewe veo vw YF FO OS OOS 


NT ON TSE OS 


October 2022 


co NOx PMio PMa.5 S$O2 Annual 
Source ID 
1-hr and 8- Hours 
hr 1-hr Annual" 24-hr 24-hr Annual* 1-hr 24-hr Annual* 

5.04E-02 | 5.06E-02 
3.50E-01 | 3.50E-01 3.50E-01__ | 9.50E-02 
7.21E+00 | 7.34E-01 | 4.06E+00 | 6.44E-01 | 7.71E-02 | 1.40E-02__| 1.40E-02 
1.25E+01 | 4.25&+00 | 4.25E+00 | 2.84£-01 | 2.84€-01 | 2.84E-01 | 3.87E-02 | 3.87E-02 
RFDGWPDS2._| 1.25E+01 | 4.25E+00 | 4.25E+00 | 2.84£-01 | 2.84£-01 | 2.84E-01 _| 3.87E-02__| 3.87E-02 | 3.87E-02__| 8760 
2.45E+00 | 1.27E-01 | 1.27E-01 | 1.27E-01__| 2.70E-01 8760 
5.69E-01 | 5.69E-01 | 4.68E-02 | 1.77E+01__| 1.77E+01 
8.70E-03 | 5.25E-02 
2.97E-02 _ | 2.97£-02 
1.06£-02 | 8.70E-04 _| 5.25£-03 _| 5.25E-03 
1.07E+00 | 2.05E-01 | 2.05£-01 _| 9.17E-03 9.17E-03 | 5.64E-04 | 5.64E-04 | 5.64E-04 | 8760 
1.146-03 | 1.00E-03 | 1.00-03 500 
1.14E-03 | 1.00E-03 | 1.00E-03 | 5.71E-05 
1.53E-02 | 6.12E-02 | 6.12E-02 | 7.28E-03 | 6.51E-03 | 6.51E-03 | 6.51E-04 
2DRILLB2A 1.53E-02 | 6.12E-02 | 6126-02 | 7.28€-03 | 6.51E-03 | 6.51E-03 6.51E-04 
2DRILLAH1A 1.83E-02 | 7.30E-02 | 7.30E-02 | 8.69£-03 | 7.78E-03 | 7.78E-03 | 7.78E-04__| 7.78E-04 | 7.78E-04__| 8760 
3.65E-02 | 3.65E-02 | 4.35E-03 | 3.89E-03 | 3.89E-03 | 3.89E-04 _| 3.89E-04__| 3.89E-04 
1.37E-02 | 5.48E-02 | 5.48E-02 | 6.52E-03 5.83E-03 | 5.83E-04 | 5.83E-04 | 5.83E-04 __| 8760 
DDRILLNMTEA | 4.91£-01 | 5.61E-01 | 5.61£-01 | 2.81£-02 | 2.81£-02 | 2.81€-02 | 1.04E-03 | 1.04E-03 | 1.04£-03 | 8760 
DDRILLNMLTA | 7.22E-02 | 8.20E-02 | 8.20E-02 | 8.75E-03 | 8.75E-03 | 8.75E-03 | 7.24E-05 | 7.24E-05__| 7.24E-05 
2DRILLNMPGA | 3.51E-02 _| 3.30E-02 _ | 3.30€-02 2.81E-03 | 2.81E-03 | 2.81£-03 | 4.64E-05 | 4.64£-05 | 4.64E-05 _| 8760 
2DRILLNMCPA _ | 5.97E-02 aes 5.61E-02 | 4.77E-03 | 4.77E-03 | 4.77£-03 | 7.90E-05 | 7.90E-05 | 7.90£-05 | 8760 
DDRILLNMHSA | 2.15E-02 | 8.59E-02 | 8.59E-02 | 1.02E-02 | 9.15£-03 | 9.15E-03 | 9.15E-04 | 9.15E-04 | 9.15E-04 _| 8760 
DDRILLFLARE | 1.08E+00 | 1.98F-01 | 9.38E-02 | 4.79E-05 | 4.79E-05 | 2.27E-05 | 1.16E-02 | 1.16E-02__ | 5.47E-03__| 1728 

| 3DRILLPEA 1.076+00 | 2.05E-01 | 2.05E-01 | 9.17E-03 | 9.176-03 | 9.17E-03 | 5.64E-04 | 5.64E-04 | 5.64E-04__| 8760 
3DRILLCP1A 1.75E-01 | 2.00E-02 | 1.14E-03 | 1.00E-03 | 1.00£-03 | 5.71E-05 | 3.31E-04 | 3.31£-04 | 1.89E-05 | 500 
FSDRILCPZA 1.75E-01 | 2.006-02 | 114-03 | 1.00£-03 | 1.00E-03 | 5.71E-05 | 3.31E-04 | 3.31£-04 | 1.89E-05__| 500 
3DRILLB1A 1.53E-02 | 6126-02 | 6.12E-02 | 7.28E-03 | 6516-03 | 6.51E-03 | 6.51E-04 | 6.51E-04 | 6.51E-04 
aes 1.53E-02 | 6.12E-02 | 6.12E-02 | 7.28E-03 | 6.51E-03__| 6.51E-03 resieGs 6.51E-04 | 6.51£-04 
3DRILLAHIA __| 1.83E-02 | 7.30E-02 | 7.30E-02 | 8.69E-03__| 7.78E-03__| 7.78E-03 | 7.78E-04 | 7.78E-04__| 7.78E-04 __| 8760 
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“Modeled Emission Rates (g/s) 

PMio PM3.5 f SO, Annual 
ick Hours 


co = NO 


Source ID : - - 
1-hr and 8- 


hr 1-hr 


Annual? - 24-hr — 24-hr Annual 1-hr 24-hr Annual* 


3DRILLAH2A 9.13E-03 | 3.65£-02 | 3.65£-02 | 4.35E-03 | 3.89£-03 | 3.89E-03 | 3.89F-04 | 3.89£-04 | 3.89E-04 
3DRILLMPA 1.37E-02 | 5.48E-02 | 5.48E-02 | 6.52E-03 _| 5.83E-03 | 5.83E-03 | 5.83E-04 | 5.83E-04 | 5.83E-04 
3DRILLNMTEA | 4.91€-01 | 5.61£-01_ | 5.61E-01 _| 2.816-02 | 2.81£-02 | 2.81£-02 | 1.04€-03 | 1.04£-03 _| 1.04€-03 
3DRILLNMLTA _| 7.22€-02 | 8.20£-02 | 8.20€-02 | 8.75£-03 | 8.75E-03 | 8.75£-03 | 7.24£-05 | 7.24£-05 | 7.24E-05 _| 8760 
3DRILLNMPGA | 3.51£-02 | 3.30€-02 _| 3.30£-02 _| 2.81£-03 | 2.81£-03 | 2.81£-03 | 4.64£-05 | 4.64£-05 | 4.64£-05 _| 8760 
3DRILLNMCPA | 5.97E-02 | 5.61£-02 | 5.61£-02 | 4.77£-03 | 4.77E-03 _| 4.77£-03 _| 7.90E-05 _| 7.90E-05 8760 
3DRILLNMHSA | 2.15E-02 | 8.59E-02 | 8.59E-02 | 1.02E-02 | 9.15E-03 | 9.15£-03 | 9.15E-04 |9.15E-04 | 9.15E-04 

3DRILLFLARE | 1.08E+00 | 1.98E-01 | 3.916-02 | 4.79E-05 | 4.79E-05 | 9.44€-06 | 1.16E-02 | 1.16£-02 | 2.28E-03 

0.00E+00 | 0.00F+00 | 0.00E+00 | 2.88E-02 | 4.32€-03 | 4.32E-03 | 0.00E+00 | 0.00E+00 
3FUGD 0.00E+00 | 0.00F+00 | 0.00E+00 | 2.88E-02 | 4.32£-03 | 4.32E-03 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 4380 
2FRACENG1 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1920 
2FRACENG2 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1920 
2FRACENG3 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1920 
3FRACENG1 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00&+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1920 
3FRACENG2 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00&+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1920 | 
3FRACENG3 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00&+00 | 0.00E+00 | 1920 
BT30PSLH 5.19E-02 | 6.18E-02 | 6.18E-02 | 4.69E-03 | 4.69£-03 | 4.69£-03 | 4.17E-03 | 4.17E-03 
BT30PSBG 1.16E+00 | 1.16E+00 | 6.63E-02 | 3.35£-02 | 3.35E-02 | 1.91E-03 | 2.216-03 | 2.21£-03 | 1.26£-04 | 500 
1FACHTR1 2.65E-02 | 1.06E-01__| 2.75£-02__| 1.266-02__| 1.13E-02__| 2.93£-03 | 1136-03 | 1.13E-03 | 2.93E-04 | 378.56 
1FACNMAC 1.17E-02 | 1.78E-02 | 1.15€-03 | 1.53E-03 | 1.48E-03 | 9.62E-05 | 4.42£-05 | 4.42E-05 | 2.87E-06 
1FACNMGS1 | 1.60£-02 | 5.78E-02 | 1.50E-02 | 3.46E-03 | 3.35E-03 | 8.696-04 | 6.82E-05 | 6.82E-05 | 1.77E-05 | 378.56 
1FACNMGS2 _| 2.59E-02 _| 4.89£-02 | 1.27£-02 _| 3.84£-03 _| 3.73E-03 | 9.67E-04 | 4.18£-05 | 4.18£-05 | 1.08E-05 | 378.56 
1PIPHTR1 3.51E-03 | 1.40E-02 | 5.65E-03 | 1.67E-03 | 1.49€-03 | 6.02E-04 | 1.49E-04 | 1.49£-04 | 6.02E-05 | 882 
1PIPNIMAC 1.19E-02 | 3.77£-02 | 1.146-02 | 1.76£-03 | 1.70£-03 | 5.15e-04 | 6.37E-05 | 6.37E-05 _| 1.93E-05 
1PIPNMBR 6.35E-03 | 2.57£-02 | 7.77E-03 | 1.36£-03 | 1.32E-03__| 3.97E-04 | 3.18£-05 | 3.18E-05 
7.59E-04 | 3.06E-04 _| 1.06E-05 
2.84E-03 | 1.14E-03 | 2.56E-04 | 2.49F-04 | 1.00E-04 __| 2.44€-06 
1PIPNMGS3 5.14E-03 | 9.69£-03 | 3.90E-03 | 7.62E-04 | 7.39E-04 | 2.986-04 _| 8.29E-06 
1VSMNMBR 7.12E-03 | 2.99£-02 | 9.46£-03 | 1.48£-03 | 1.44E-03 ‘| 4.55E-04 1.18E-05 
FBROPHTR 1.95E-02 | 7.79E-02 | 5.38F-02 | 9.27E-03 | 8.30E-03__| 2.15E-03 
1,98E-02 | 3.62E-03 _| 3.51£-03 _| 9.09E-04 
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co 


1-hr and 8- 
hr 


Source ID NOx 


1-hr Annual* 


FBROPNMGS2 
ICEPDNMP 1:52E-02 3.43E-01 1.96E-02 


223 9E-02 


Modeled Emission Rates (g/s) 


PMio 


24-hr 


1.90E-02 Soo E-02 2.48E-02 2.82E-03 2.74E-03 7.08E-04 
ICEPDNMGS1 6.09E-03 6.91E-02 3.96E-03 9.03E-04 


2.29E-03 
6.06E-03 


1.18E-01 


1.54E-02 


PMz2.5 
24-hr- Annual? 


8.76E-04 
2.22E-03 


5.02E-05 
1.27E-04 


BSBBSeseSesesSseEsdseESesesesEseseseyeseseagoesesese SECT SECECSESEECEE 


October 2022 


SO; Annual 
Hours 


24-hr Annual? 


3.07E-05 3.07E-05 2.12E-05 is 
9.82E-06 9.82E-06 5.63E-07 1858.032 
6.60E-05 6.60E-05 3.78E-06 1858.032 


5.88E-03 
1.49E-02 


HEOZE-08 
4.87E-03 


ICERDNMP 1.02E-01 3.62E-01 


ICERDNMGS1 4.09E-02 7.30E-02 


PIPHTR 6.19E-02 2.47E-01 9.97E-02 
PIPNMAC 2.09E-01 6.64E-01 2.01E-01 


PIPNMBR 112E-01 4.53E-01 a S7AetOl 
PIPNMGS1 8.96E-02 ZASE-OL 8.80E-02 


5.00E-02 2.02E-02 


2.94E-02 


3.10E-02 
Z39E-02 


2.64E-02 
3.00E-02 
23 2E-02 7.00E-03 


1.06E-02 
9.07E-03 


1.34E-02 5-39E-03 


4.38E-03 1.76E-03 


6.59E-05 6.59E-05 2.16E-05 464.7698 
4.43E-04 4.43E-04 1.45E-04 464.7698 


PIPNMGS3 9.06E-02 | 1.71E-01 | 6.88E-02 | 1.34E-02 | 1.30£-02 | 5.25E-03 | 1.46£-04 | 1.46E-04 | 5.89E-05 
VSMNMBR 4.53E-02 | 1.90E-01 _| 6.02E-02 9.14E-03 | 2.89£-03 | 2.38E-04 | 2.386-04 | 7.53E-05 | 693 
2FACHTR1 2.65E-02 | 1.06£-01 | 5.30E-02 | 1.26€-02 | 1.13E-02 | 5.64£-03 | 1.13E-03 | 1.13E-03 | 5.64E-04__| 378.56 


5.51E-06 | 94.64 
5.79E-03 | 2.09E-02 1.67E-03 | 2.46£-05 | 2.46E-05 | 3.40£-05 | 378.56 
9.36E-03 | 1.76E-02 | 2.44£-02 _| 1.39E-03 | 1.35E-03 _| 1.86E-03 1.51£-05 | 2.08€-05 | 378.56 
6.45E-03 | 2.58E-02 | 1.04E-02 | 3.07E-03 | 2.75£-03 _| 1.11E-03 2.75E-04 
2.77E-02 | 2.09E-02 _| 1.29E-03 4.68E-05 | 4.68E-05 
2PIPNMBR 4.67E-03 | 1.89£-02 | 1.43E-02 | 9.96E-04 | 9.66£-04 _| 7.30E-04 3 2.34E-05 | 1.76£-05 | 661.5 


2.34E-05 : 
7.83E-06 | 7.83E-06 | 7.88E-06 


2PIPNMGS1 3.74E-03 | 9.11£-03 | 9.17E-03 | 5.75E-04 | 5.58E-04 | 5.62E-04 

2PIPNMGS2 2.02E-03 | 2.09E-03 | 2.10E-03 | 1.88E-04 | 1.83E-04 | 1.84£-04 | 1.79E-06 _| 1.79E-06 
2PIPNMGS3 3.78E-03 | 7.12E-03 | 7.17E-03 _| 5.60E-04 | 5.43E-04 | 5.47E-04 | 6.09E-06 _| 6.09E-06 
2VSMNMBR 4.58E-03 | 1.92F-02 | 1.74£-02 | 9.53E-04 | 9.24£-04 | 8.36E-04 | 2.40€-05 
3FACHTR1 1.06E-01 | 5.30£-02 | 1.26£-02 | 1.13E-02 1.13E-03 | 1.13E-03 | 5.64E-04 

3FACNMAC 1.17E-02 | 1.78E-02 | 2.21£-03 | 1.53E-03 _| 1.48E-03 4.42F-05 | 4.42E-05 | 5.51E-06 

5.79E-03 | 2.09-02 | 2.88E-02 | 1.25E-03 | 1.21£-03 | 1.67£-03_ | 2.46£-05 | 2.46E-05 | 3.40E-05 

1,396-03 | 1.35E-03 
PLIHTR1 1.17E-02 | 4.03E-03 .30E- 


13 9E-03 


1.24E-03 | 4.30€-04 | 1.24£-04 | 1.24€-04 | 4.30E-05 


PLINMGS1 1.12E-03 | 2.72£-03 _| 2.97E-03 | 1.72E-04 | 1.676-04 | 1.826-04 | 2.34€-06 | 2.34£-06 | 2.55E-06 
PLINMGS2 9.03E-04 | 1.70E-03 | 1.86£-03 | 1.34F-04 | 1.30£-04 | 1.42E-04 | 1.46E-06 | 1.46E-06 | 1.59E-06 
1FACNR 5.85E-02 | 8.92E-02 | 4.916-02 | 8.08E-03 | 7.83E-03 | 4.54£-03 | 1.43E-04 | 1.43E-04 | 7.69£-05 _| VARIES 
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Source ID 


co 


1-hr and 8- | 


hr 


‘1-hr 


(NOx 


Annual’ — 


~ Modeled Emission Rates (g/s) _ 


24-hr 


24-hr 


PMi2.5_ 


Annual? 


1-hr 


SO, 


24-hr 


October 2022 


Annual? 


1FUGD 0.00E+00 0.00E+00 0.00E+00 3.12E-02 4.68E-03 4.68E-03 0.00E+00 0.00E+00 0.00E+00 4380 
LICETAIL1 7.64E-06 | 2.106:05 2.10E-05 2.53E-06 1.28E-06 1.28E-06 9.316-08 _| 9.31E-08 9.31E-08 8760 
LICETAIL2 7.64E-06 2.10E-05 2.10E-05 2.53E-06 1.28E-06 1.28E-06 9.31E-08 9.31E-08 i 8760 a 
LICETAIL3 7.64E-06 2.10E-05 2.10E-05 2.53E-06 1.28E-06 1.28E-06 | 9.316-08 9.31E-08 9.31E-08 8760 
LICETAIL4 7.64E-06 S| 2.10E-05 2.10E-05 2.53E-06 1.28E-06 1.28E-06 9.31E-08 9.31E-08 9.31E-08 8760 
1IPIPNR 8.10E-03 2.90E-02 2.10E-02 | 1.24E-03 1.20E-03 | 8.698-04 9.20E-05 9.20E-05 ll 6.57E-05 ~ | VARIES | 
1VSMNR 6.81E-03 1.81E-02 1.69E-02 9.64E-04 9.35E-04 9.24E-04 [3.53605 3.53E-05 3.13E-05 VARIES 
2ICETAIL1 6.33E-06 [4-74-05 1.74E-05 2.09E-06 eeliiicene 1.06E-06 7.71E-08 7.71E-08 7.71E-08 T2760 
2ICETAIL2 6.33E-06 1.74E-05 1.74E-05 2.09E-06 1.06E-06 1.06E-06 _| 7.716-08 _|771€08 7.71E-08 8760 
2ICETAIL3 6.33E-06 1.74E-05 1.74E-05 2.09E-06 1.06E-06 1.06E-06 7.71E-08 7.71E-08 7.71E-08 8760 
2ICETAIL4 6.33E-06 | vaeos 1.74E-05 2.09E-06 1.06E-06 1.06E-06 7.71E-08 7.71E-08 7.71E-08 8760 Zi 
3ICETAIL1 2.14E-05 2.69E-05 2.69E-05 2.54E-06 1.51E-06 1.51E-06 8.65E-08 8.65E-08 8.65E-08 8760 
3ICETAIL2 2.14E-05 ae 2.69E-05 2.54E-06 1.51E-06 1.51E-06 8.65E-08 8.65E-08 | 8.65¢-08 8760 

| 3ICETAIL3 2.14E-05 2.69E-05 2.69E-05 2.54E-06 1.51E-06 1.51E-06 | 8.65€-08 8.65E-08 8.65E-08 8760 
3ICETAIL4 2.14E-05 2.69E-05 2.69E-05 2.54E-06 cee: 1.51E-06 8.65E-08 8.65E-08 8.65E-08 8760 

| FBROPNR1 2.28E-06 3.78E-06 2.84E-06 3.00E-07 2.91E-07 1.00E-07 7.91E-09 7.91E-09 4.66E-09 VARIES 
FBROPNR2 2.28E-06 3.78E-06 2.84E-06 3.00E-07 2.91E-07 1.00E-07 [7916-09 7.91E-09 4.66E-09 VARIES 
FBROPNR3 2.28E-06 3.78E-06 2.84E-06 Zp 2.91E-07 1.00E-07 7.91E-09 7.91E-09 4.66E-09 VARIES 
FBROPNR4 2.28E-06 3.78E-06 si AEG 3.00E-07 2.91E-07 1.00E-07 7.91E-09 7.91E-09 4.66E-09 [vanes 
ICEPDNRHCE 5.29E-04 1.21E-02 1.12E-02 6.89E-05 6.68E-05 6.15E-05 2.41E-06 2.41E-06 2.22E-06 2492.952 
ICEPDNRHDD1 “[2o2e04 [4636-03 4.26E-03 [2.63605 2.55E-05 2.35E-05 9.19E-07 9.19E-07 8.46E-07 2492.952 
ICEPDNRHDD2 1.79E-04 4.11E-03 3.78E-03 2.33E-05 2.26E-05 2.08E-05 Bears | 8.16€-07 7.51E-07 2492.952 
ICEPDNRIOS1 4.08E-05 9.35E-04 8.61E-04 Sas: 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS2 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86.07 _| 1.71E-07 DEEP 
ICEPDNRIOS3 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS4 ca 9.35E-04 8.61E-04 bss1e-06 | 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71.07 | 2492.952 
ICEPDNRIOS5 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 SEREar 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS6 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS7 4.08E-05 | 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 

| ICEPDNRIOS8 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 

| ICEPDNRIOS9 4.08E-05 sees [8,616.04 Peete 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
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Modeled Emission Rates (g/s) 


PMio PM2.5 SO, Annual 


ICEPDNRIOS19 4.08E-05 9.35E-04 8.61E-04 5.31E-06 Salo E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS20 | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
4.7 | 


Source ID 
1-hr and 8- Hours 
hr 1-hr ~ Annual? 24-hr 24-hr Annual* 1-hr 24-hr Annual* 
9.35E-04 
4.08E-05 _| 9.35E-04 4.74E-06 | 1.86E-07 


ICEPONRIOS21 2492.952 
ICEPONRIOS22 2492.952 
ICEPONRIOS23 2492.952 
ICEPDNRIOS24 2492.952 
ICEPDNRIOS25 1.86E-07 2492.952 
ICEPDNRIOS26 2492.952 
ICEPONRIOS27 2492.952 
4.08E-05 9.35E-04 : 


8.61E-04 pS LE-06 SI SE=Ole 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS18 | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNRIOS28_ | 4. 35E- 5.15E-06 | 4.74E-06 1.86E-07 2492.952 
ICEPDNRIOS29 5.15E-06 | 4.74£-06 | 1.86£-07 | 1.86£-07 | 1.71£-07 _| 2492.952 
ICEPDNRIOS30 2492.952 
ICEPDNRIOS31 2492.952 


ICEPDNRIOS32_ | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNRIOS33 4.08E-05 9.35E-04 8.61E-04 5:5 1E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS34_ | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNRIOS35 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS36__| 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS37_ | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 Spl eOls 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNRIOS38 | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNRIOS39_ | 4.08E-05 9.35E-04 8.61E-04 DS LE-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS40_ | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 | 4.74E-06 1.86E-07 1.86E-07 1.71E-07 | 2492.952 
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___ Modeled Emission Rates (g/s) 


ee i, ee 2d wena 


Source ID 
1-hr and 8- Eee: ee ee eh oA Hours 
Are 1-hr —Annualt so 24-hr so 24-hr ~——s Annual’ =—Ss 1--hr 24-hr Annual 


ICEPDNRIOS41_ | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 17 LE-07 2492.952 


ICEPDNRIOS42 | 4.08E-05 | 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 
ICEPDNRIOS43 | 4.08E-05 9.35E-04 8.61E-04 5.31E-06 5.15E-06 4.74E-06 1.86E-07 1.86E-07 1.71E-07 2492.952 


ICEPDNROS1 7.08E-06 1.62E-04 1.49E-04 D2ZZE-O7, 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS2 7.08E-06 1.62E-04 8.23E-07 3.22E-08 


ICEPDNROS3 7.08E-06 1.62E-04 8.23E-07 3.22E-08 


1.49E-04 QZAEOY 8.94E-07 
ICEPDNROS4 7.08E-06 1.62E-04 8.23E-07 3.22E-08 


1.49E-04 9.22E-07 8.94E-07 
1.49E-04 9.22E-07 8.94E-07 
ICEPDNROS5 7.08E-06 1.62E-04 1.49E-04 G) ZAEX0)7/ 8.94E-07 8.23E-07 3.22E-08 


3.22E-08 2.97E-08 2492.952 
3.22E-08 2.97E-08 i pas2 
3.22E-08 2.97E-08 2492.952 | 
3.22E-08 2.97E-08 2492.952 


ICEPDNROS6 7.08E-06 1.62E-04 1.49E-04 O2ZE-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS7 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 


ICEPDNROS8 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 

ICEPDNROS9 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
RISERENROSTD 7.08E-06 1.62E-04 1.49E-04 9.22E-07 S29 46-0 ne 2 5-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS11 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS12 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS13 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS14 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS15 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS16 7.08E-06 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 

1.49E-04 9.22E-07 


1.62E-04 


ICEPDNROS17_| 7.08E-06 | 1.62E-04 8.94E-07 | 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS18 | 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22E-07__| 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS19__| 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22E-07__[ 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS20_| 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22E-07__| 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS21__| 7.08E-06 | 1.62E-04 | 1.49£-04 | 9.22E-07__| 8.94£-07 | 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.976-08 | 2492.952 
ICEPDNROS22__| 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22€-07 | 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
7.08E-06 _| 1.62E-04 | 1.49£-04 | 9.22£-07_ | 8.94£-07 | 8.23E-07 | 3.22E-08 | 3.22E-08 2 976-08 | 2.492.952 
ICEPDNROS24_| 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22£-07 | 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS25 | 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22E-07__| 8.94£-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS26__| 7.08E-06 1.49E-04 | 9.22E-07__| 8.94E-07 __| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
1.49E-04 | 9.22E-07 | 8.94€-07__| 8.23E-07 | 3.22E-08 | 3.22E-08 | 2.97E-08 | 2492.952 
ICEPDNROS28_| 7.08E-06 | 1.62E-04 | 1.49E-04 | 9.22E-07__| 8.94£-07 _| 8.23E-07__| 3.22E-08 | 3.22£-08 | 2.97E-08 _| 2492.952 
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Modeled Emission Rates (g/s) 


co PMio PMi.5 SO2 Annual 


1-hr and 8- ; Hours 
ile 1-hr Annual? 24-hr 24-hr Annual? 1-hr 24-hr Annual 


ICEPDNROS29 7.08E-06 1.62E-04 1.49E-04 O2ZE-0, 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS30 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS31 7.08E-06 1.49E-04 922-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 


ICEPDNROS32 7.08E-06 1.49E-04 OP22E-0/7 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS33 7.08E-06 1.62E-04 1.49E-04 SZ EO 8.94E-07 8.23E-07 3.22E-08 : 


Source ID 


.94E- 2492.952 

1.62€-04 2492.952 
2492.952 
7.08E-06 1.62E-04 : ; : ; ; 


ICEPDNROS37 7.08E-06 1.62E-04 1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 
ICEPDNROS38 7.08E-06 1.62E-04 1.49E-04 92207 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 


7.08E-06 1.49E-04 | 9.22£-07 2492.952 
1.62E-04 | 1.49£-04 | 9.22E-07 2492.952 

2492.952 
3.22E-08 2492.952 
2492.952 
2492.952 
2492.952 
2.09E-07 2492.952 


1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 
9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 


1.49E-04 9.22E-07 8.94E-07 8.23E-07 3.22E-08 3.22E-08 2.97E-08 2492.952 


ICEPDNRPIP4 


ICEPDNRPIP5S 
ICEPDNRPIP6 4.58E-05 1.05E-03 


5.33E-06 | 2.09E-07 | 2.09E-07 2492.952 
5.79E-06 | 5.33E-06 2492.952 

2492.952 

4.58E-05 LOE3_ S87e08 5.96E-06 | 5.79E-06 | 5.33E-06 1.92E-07 | 2492.952 

4.58E-05 | 1.05E-03 | 9.67£-04 | 5.96E-06 | 5.79E-06 | 5.33E-06 | 2.09E-07 | 2.09E-07 | 1.92E-07 __| 2492.952 

2492.952 
ICEPDNRPIP12 | 4.58E-05 | 1.05E-03 5.79E-06 2492.952 
5.79E-06 | 5.33E-06 | 2.09E-07 _| 2.09E-07 2492.952 
ICEPDNRPIP14 5.79E-06 | 5.33E-06 | 2.09E-07 | 2.09E-07 | 1.92E-07 _| 2492.952 
5.79E-06 | 5.33E-06 | 2.09E-07 | 2.09E-07 | 1.92E-07 _| 2492.952 


ICEPDNRPIP16 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 


4.58E-05 
4.58E-05 


1.05E-03 
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“Modeled Emission Rates (g/s) 


CO | ees NOx ee -PMio Se ee S05 ee Annual 
1-hr and 8- ae ee ee eee | Hours 
hr d-hr = =—S Annual? ——s.24-hr -24-hr ~~ Annual? 


4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 | 
5.96E-06 5.79E-06 5.33E-06 


4.58E-05 1.05E-03 9.67E-04 


Source ID 


| 1+hr 24-hr ~——s Annual’ 
2.09E-07 2.09E-07 1.92E-07 2492.952 
2.09E-07 2.09E-07 1.92E-07 2492.952 


ICEPDNRPIP17 


ICEPDNRPIP18 


ICEPDNRPIP19 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 
| ICEPDNRPIP20 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 | 5.33E-06 2.09E-07 2.09E-07 1.92E-07 | 2492.952 
ICEPDNRPIP21 4.58E-05 1.05E-03 9.67E-04 | 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 


5.96E-06 
9.67E-04 = = BOIS SO9ES = 


ICEPDNRPIP22 9.67E-04 
ICEPDNRPIP23 
ICEPDNRPIP24 


ICEPDNRPIP25 


4.58E-05 1.05E-03 
4.58E-05 1.05E-03 
4.58E-05 1.05E-03 
4.58E-05 1.05E-03 
4.58E-05 1.05E-03 


5.96E-06 


ICEPDNRPIP26 5.96E-06 

ICEPDNRPIP27 | 4.58E-O5 | 1.05E-03 | 9.67E-04 _| 5.96E-06 1.92E-07 _ | 2492.952 
2.09E-07 | 1.92E-07 | 2492.952 
2.09E-07 


5.79E-06 5.33E-06 


ICEPDNRPIP28 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 
2.09E-07 1.92E-07 2492.952 


ICEPDNRPIP29 5.96E-06 | 5.79E-06 | 5.33E-06 
ICEPDNRPIP30 2.09E-07 | 1.92607 | 2492.952 
ICEPDNRPIP31 5.33E-06 | 2.09F-07 | 2.09E-07 | 1.92E-07 _| 2492.952 
ICEPDNRPIP32 | 4.58E-05 | 1.05E-03 5.33E-06 | 2.09E-07 | 2.09E-07__| 1.92E-07 _| 2492.952 
4.58E-05 | 1.05E-03 5.33E-06 | 2.09-07 | 2.09E-07 | 1.92E-07 _| 2492.952 
ICEPDNRPIP34_ | 4.58E-05 _| 1.05E-03 5.33E-06 | 2.095-07 | 2.09F-07 _| 1.92E-07__| 2492.952 
ICEPDNRPIP35 | 4.58E-05 | 1.05E-03 2.09E-07 | 2.09E-07 | 1.92E-07 ‘| 2492.952 
ICEPDNRPIP36__| 4.58E-05 | 1.05£-03 | 9.67E-04 | 5.96E-06 | 5.79E-06 | 5.33E-06 | 2.09E-07 | 2.09E-07 | 1.92E-07 | 2492.952 
ICEPDNRPIP37 | 4.58E-05 | 1.05E-03 _| 9.67E-04 2.09E-07 | 1.92E-07 | 2492.952 
ICEPDNRPIP38 | 4.58E-05 | 1.05E-03 _| 9.67E-04 1.92E-07 | 2492.952 


ICEPDNRPIP39 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 ~2492.952 
ICEPDNRPIP40 4.58E-05 1.05E-03 9.67E-04 | 5.96E-06 | 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 
ICEPDNRPIP41 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 


ICEPDNRPIP42 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 
ICEPDNRPIP43 4.58E-05 1.05E-03 9.67E-04 5.96E-06 5.79E-06 5.33E-06 2.09E-07 2.09E-07 1.92E-07 2492.952 
1.35E-04 = = - 


ICERDNR1 4.53E-05 1.63E-04 5.90E-06 5.72E-06 4.73E-06 2.06E-07 2.06E-07 1.70E-07 576.8895 
ICERDNR2 4.53E-05 1.63E-04 1.35E-04 5.90E-06 5.72E-06 4.73E-06 2.06E-07 2.06E-07 1.70E-07 576.8895 
ICERDNR3 4.53E-05 1.63E-04 1.35E-04 5.90E-06 5.72E-06 4.73E-06 2.06E-07 2.06E-07 1.70E-07 576.8895 
ICERDNR4 4.53E-05 1.63E-04 | 1.35E-04 5.90E-06 5.72E-06 4.73E-06 2.06E-07 2.06E-07 1.70E-07 576.8895 
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Modeled Emission Rates (g/s) 


co NOx PMio PM25 S02 Annual 
1-hr and 8- Hours 
hr 1-hr Annual? 24-hr 24-hr Annual* 1-hr 24-hr Annual* 


Source ID 


5.58E-05 | 4.04€-05 
PIPNR3 1.56E-05 
STCKPL 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.09E-01 | 7.70E-02 | 7.70€-02 | 0.00E+00 | 0.00E+00 |0.00c+00 |o | 
VSMINR1 4.73E-06 _ | 1.26£-05 
1.17€-05 
4.73E-06 | 1.266-05 | 1.17E-05 2.45E-08 
5.17E-03 _ | 0.00E+00 
WCFICETAIL1 | 2.75E-06 | 7.57E-06 _| 7.57E-06 4.60E-07 | 4.60E-07 _| 3.35E-08 _| 3.35E-08 
WCFICETAIL2 | 2.75E-06 | 7.57E-06 | 7.57E-06 | 9.09E-07 | 4.60E-07 | 4.60E-07 | 3.35E-08 _| 3.35E-08 
WCFICETAIL3 | 2.75E-06 | 7.57E-06 _| 7.57E-06 
7.57E-06 
7.87E-02 | 5.29E-03 | 3.66E-03 | 1.09E-02 _| 1.06E-02 


2.16E-04 5.79E-06 


3.03E-04 _| 2.16E-04 [5.795-06 | 378 | 
PLINR3 7.87E-02 | 5.29E-03 | 3.66E-03 | 1.09E-02 | 1.06E-02 | 3.03E-04__| 2.16E-04 
PLINR4 7.87E-02 | 5.29E-03 | 3.66£-03 | 1.09E-02 | 1.06E-02 | 3.03E-04 | 2.16£-04 | 2.16E-04__| 5.79E-06 
2FACNR 5.85E-02 | 8.92E-02 | 9.43E-02 | 8.08E-03 | 7.83E-03 | 8.72E-03 | 1.43E-04__| 1.43E-04 
2PIPNR 1.49E-02 | 5.33E-02 | 3.85E-02 | 2.28E-03 |2.21E-03 | 1.60E-03 | 1.69F-04 | 1.69E-04 | 1.21E-04 | VARIES 
2VSMNR 1.25E-02 | 3.33E-02 | 3.10E-02 | 1.77E-03 | 1.72E-03__| 1.70E-03 6.49E-05 | 5.75E-05 
3FACNR 5.85E-02 | 8.92E-02 | 9.43E-02 | 8.08E-03 | 7.83E-03 | 8.72E-03 1.43E-04 | 1.48E-04 | VARIES 
FALPa 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 8760 
ALPAIR2 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 8760 
0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 __| 8760 
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1.1.5 Scenario 5: Routine Operations 
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Figure 1.1-16. Alternative E Near-field Model Scenario 5 Source Locations at BT1. 
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Figure |.1-17. Alternative E Near-field Model Scenario 5 Source Locations at BT2. 
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Figure |.1-18. 
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Alternative E Near-field Model Scenario 5 Source Locations at BT3. 
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Figure I.1-19. Alternative E Near-field Model Scenario 5 Source Locations at BTS. 
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Figure 1.1-20. Alternative E Near-field Model Scenario 5 Source Locations at Airstrip. 
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Figure 1.1-21. Alternative E Near-field Model Scenario 5 Source Locations at WOC. 
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Figure 1.1-22. Alternative E Near-field Model Scenario 5 Source Locations at WPF. 


Final Supplemental Environmental Impact Statement Page I-161 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Table 1.1-13. 


Alternative E Near-field Model Scenario 5 Emissions Source Descriptions and In-stack Ratios 


NOx to 
Source 


Source ID Source Description NO2 Notes 
Type ; 
Ratio 


BT1OPSLH2 
BT10PSBG 
BT1OPSFUGD 
BT1WICTH 


BT1 - Line Heater 
BT1 - Line Heater 


Natural gas heaters 


Natural gas heaters 


BT1 - Backup Generator Diesel tailpipe from non-road equipment 


BT1 - Wind Erosion Fugitive Dust 


BT1 - Well Intervention Main Equipment - Coil Tubing Heater Diesel fueled heaters and boiler 


BT1 - Well Intervention Main Equipment - Coil Tubing Engine Diesel tailpipe from non-road equipment 


BT1IWICTE POINT 
BT1 - Well Intervention Main Equipment - Large Coil Tubing 


BTIWILCTE POINT Engine 


BT2OPSLH1 POINT BT2 - Line Heater 
BT2OPSLH2 POINT BT2 - Line Heater 


Diesel tailpipe from non-road equipment 


Natural gas heaters 


Natural gas heaters 


Diesel tailpipe from non-road equipment 


BT2OPSBG POINT BT2 - Backup Generator 


BT2OPSFUGD VOLUME BT2 - Wind Erosion Fugitive Dust 
BT2WICTH POINT BT2 - Well Intervention Main Equipment - Coil Tubing Heater 0.05 
BT2WICTE POINT BT2 - Well Intervention Main Equipment - Coil Tubing Engine 0.1 


Diesel fueled heaters and boiler 


Diesel tailpipe from non-road equipment 


feral BT2 - Well Intervention Main Equipment - Large Coil Tubing 
BT2WILCTE POINT Engine 0.1 Diesel tailpipe from non-road equipment 
BT30PSLH POINT BT3 - Line Heater 0.05 Diesel tailpipe from non-road equipment 
BT30PSBG POINT BT3 - Backup Generator 0.2 Natural gas heaters 
BT3 - Wind Erosion Fugitive Dust - - 
| BT3WicTH | BT3 - Well Intervention Main Equipment - Coil Tubing Heater Diesel fueled heaters and boiler 
[BT3wicTe i BT3 - Well Intervention Main Equipment - Coil Tubing Engine Ont Diesel tailpipe from non-road equipment 
ee BI3e Well Intervention Main Equipment - Large Coil Tubing Fe Sr 
Engine 0.1 
BTSOPSLH BT5 - Line Heater 0.05 Natural gas heaters 
BTSOPSBG POINT BT5 - Backup Generator 0.2 Diesel tailpipe from non-road equipment 


BTS - Wind Erosion Fugitive Dust ain Oo we | 


BTSOPSFUGD VOLUME 


Final Supplemental Environmental Impact Statement Page 1-162 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


ource : 
Source ID Source Description ' Notes 


Type 


BTSWICTH POINT BTS - Well Intervention Main Equipment - Coil Tubing Heater Diesel fueled heaters and boiler 


BT5SWICTE POINT BT5 - Well Intervention Main Equipment - Coil Tubing Engine 0.1 Diesel tailpipe from non-road equipment 
BT5 - Well Intervention Main Equipment - Large Coil Tubing | Diesel tailpipe from non-road equipment 
BTSWILCTE POINT Engine 0.1 
WCE - Stationary Combustion Sources - Injection/Compression 
WLWTGO3A POINT Turbine 0.3 Natural gas-fired turbines 
RA WCF - Stationary Combustion Sources - Injection/Compression 
WLWTGO03B POINT Turbine 0.3 Natural gas-fired turbines 


WLWTGO1A POINT WCF - Stationary Combustion Sources - Power Generation Turbine ; 
WLWTGO01B POINT WCF - Stationary Combustion Sources - Power Generation Turbine FoBiees E Natural gas-fired turbines 


0.3 
0.3 i 
WLWTGO02A POINT WCF - Stationary Combustion Sources - Power Generation Turbine | 0.3 Natural gas-fired turbines 
WLWTGO02B POINT WCF - Stationary Combustion Sources - Power Generation Turbine | 0.3 Natural gas-fired turbines 
0.3 
0.1 
5) 


Natural gas-fired turbines 


Fae WCE - Stationary Combustion Sources - Backup Power Generation renee 

WLWTG04 POINT Turbine (Dual Fuel) 0.3 Natural gas-fired turbines 
noice’ 2 cleo Me Teene ee a eee 

WLWTGOS5 POINT Turbine (Dual Fuel) Natural gas-fired turbines 


WLWGLO5 POINT WCF - Stationary Combustion Sources - Black Start Engine on Diesel tailpipe from non-road equipment 


WLWHGO03 POINT WCF - Stationary Combustion Sources - Crude Production Heater | 0.05 Natural gas heaters 
WLWHG04 WCF - Stationary Combustion Sources - Crude Production Heater 


0.05 Natural gas heaters 
Natural gas heaters 
WLWHGO01 POINT (UHM) Heater 0 


WCE - Stationary Combustion Sources - Utility Heat Medium 


WCF - Stationary Combustion Sources - Utility Heat Medium Natural gas heaters 
WLWHG02 POINT (UHM) Heater 0.05 


05 

WCF - Stationary Combustion Sources - LP Flare (emergency) 
WCF - Stationary Combustion Sources - HP Flare (emergency) 0) Flares 

WCF - Wind Erosion Fugitive Dust 
0.1 
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NOx to 
Source 


Source ID Source Description NO2 Notes 
Type ji 
Ratio 


WOCPWRGEN3 WOC - Stationary Combustion Sources - Power Generation 0.1 
WLWIGO1 WOC - Stationary Combustion Sources - Incinerator : 
WLWIGO2 WOC - Stationary Combustion Sources - Incinerator 4 
WLWHLO5 WOC - Stationary Combustion Sources - Mud Plant Glycol Boiler 0.05 Diesel fueled heaters and boiler 

WILLOWAIR1__| AREAPOLY 


AREAPOLY 
AREAPOLY 


WOC - Aircraft Activity (Willow Airstrip) - Release Height 152.4m Os Aircraft 
WOC - Aircraft Activity (Willow Airstrip) - Release Height 254m Aircraft 


WILLOWAIR2 
WILLOWAIR3 


WOCOPSFUGD VOLUME WOC - Wind Erosion Fugitive Dust - - 
WCE - Non-mobile Support Equipment - Portable External 
WCFPCE1 AREAPOLY | Combustion Equipment 0.05 Diesel fueled heaters and boiler 


WCF - Non-mobile Support Equipment - Portable External Diesel fueled heaters and boiler 


WCFPCE2 AREAPOLY | Combustion Equipment 0.05 


WCF - Non-mobile Support Equipment - Portable External ee ee 
| werPces AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Portable External 
WCFPCE4 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Portable External Diesel fueled heaters and boiler 
WCFPCE5 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Portable External Diesel fueled heaters and boiler 
| WCFPCEG AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Portable External 
WCFPCE7 AREAPOLY | Combustion Equipment 0.05 
lee WCF - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE1 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE2 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE3 AREAPOLY | Combustion Equipment 0.05 


Final Supplemental Environmental Impact Statement Page 1-164 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | 


Source ID 


Source 
Type 


Source Description 


WCF - Non-mobile Support Equipment - Stationary External 


October 2022 


Notes 


Diesel fueled heaters and boiler 


WCFSCE4 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE5 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE6 AREAPOLY | Combustion Equipment 0.05 
WCE - Non-mobile Support Equipment - Stationary External Diesel fueled heaters and boiler 
WCFSCE7 AREAPOLY | Combustion Equipment 0.05 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE1 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE2 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE3 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE4 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRES5 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE6 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WCFNRE7 AREAPOLY | Equipment Non-Road Engines <140 HP 0.2 Diesel tailpipe from non-road equipment 
WCF - Non-mobile Support Equipment - Internal Combustion 
WLW2GEN POINT Equipment Non-Road Engines >140 HP 0.1 Diesel tailpipe from non-road equipment 
BT3NRE1 AREAPOLY | BT3 - Routine Operations Non-Mobile Support Equipment 0.2 Diesel tailpipe from non-road equipment 
BT3WIN1 AREAPOLY | BT3 - Well Intervention Non-Mobile Support Equipment 0.2 Diesel tailpipe from non-road equipment 
BT3 - Well Intervention Non-Mobile Support Equipment - Total 
3WELLINTE POINT Engine 0.1 Diesel tailpipe from non-road equipment 
BTINRE1 BT1 - Routine Operations Non-Mobile Support Equipment 0.2 Diesel tailpipe from non-road equipment 
AREAPOLY | BT1 - Well Intervention Non-Mobile Support Equipment 0.2 Diesel tailpipe from non-road equipment 
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Source 


Source ID 
Type 


1WELLINTE 


Source Description 


BT1 - Well Intervention Non-Mobile Support Equipment - Total 
Engine 


POINT 


October 2022 


Diesel tailpipe from non-road equipment 


AREAPOLY | BT2 - Routine Operations Non-Mobile Support Equipment 


BT2NRE1 


Diesel tailpipe from non-road equipment 


AREAPOLY | BT2 - Well Intervention Non-Mobile Support Equipment 


BT2WIN1 


0.2 Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Diesel fueled heaters and boiler 


Diesel fueled heaters and boiler 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


BT2 - Well Intervention Non-Mobile Support Equipment - Total 
2WELLINTE POINT Engine 0.1 
BTSNRE1 AREAPOLY | BT5 - Routine Operations Non-Mobile Support Equipment 
BT5 - Well Intervention Non-Mobile Support Equipment 
ees BTS - Well Intervention Non-Mobile Support Equipment - Total 
SWELLINTE POINT Engine 
eee WOC - Non-mobile Support Equipment - Portable External 
WOCPCE AREAPOLY | Combustion Equipment 
emer ee. WOC - Non-mobile Support Equipment - Stationary External 
WOCSCE AREAPOLY | Combustion Equipment 
Pete WOC - Non-mobile Support Equipment - Internal Combustion 
WOCNRE AREAPOLY | Equipment Non-Road Engines <140 HP 
Mobile Equipment Tailpipe - BT1 
1TAIL2 Mobile Equipment Tailpipe - BT1 
1TAIL3 Mobile Equipment Tailpipe - BT1 
1TAIL4 Mobile Equipment Tailpipe - BT1 
1TAILS Mobile Equipment Tailpipe - BT1 
1TAIL6 Mobile Equipment Tailpipe - BT1 
1TAIL7 Mobile Equipment Tailpipe - BT1 
1TAIL8 VOLUME Mobile Equipment Tailpipe - BT1 
1TAILO VOLUME Mobile Equipment Tailpipe - BT1 
2TAIL1 VOLUME Mobile Equipment Tailpipe - BT2 
VOLUME Mobile Equipment Tailpipe - BT2 
2TAIL3 VOLUME Mobile Equipment Tailpipe - BT2 0.15 


Diesel tailpipe from on-road vehicles 
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Source ID 


2TAIL4 
| 2TAILS 
| 2TAILE 
3TAILI 
3TAIL2 
3TAIL3 
3TAILA 


3TAILS VOLUME Mobile Equipment Tailpipe - BT3 0.15 Diesel tailpipe from on-road vehicles 


3TAIL6 


a Source Description 

VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Mobile Equipment Tailpipe - BT2 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Mobile Equipment Tailpipe - BT3 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Mobile Equipment Tailpipe - BT3 0.15 Diesel tailpipe from on-road vehicles 
VOLUME Mobile Equipment Tailpipe - BT3 0.15 
VOLUME Mobile Equipment Tailpipe - BT3 0.15 Diesel tailpipe from on-road vehicles 


Diesel tailpipe from on-road vehicles 


VOLUME Mobile Equipment Tailpipe - BT3 


3TAIL7 VOLUME Mobile Equipment Tailpipe - BT3 Diesel tailpipe from on-road vehicles 
5TAIL1 VOLUME Mobile Equipment Tailpipe - BTS 0.15 Diesel tailpipe from on-road vehicles 
STAIL2 Diesel tailpipe from on-road vehicles 
5TAIL3 Diesel tailpipe from on-road vehicles 
STAILA 
STAILS 
5TAIL6 VOLUME Mobile Equipment Tailpipe - BT5 
5TAIL7 VOLUME Mobile Equipment Tailpipe - BT5 
WOCTAIL1 VOLUME Mobile Equipment Tailpipe - WOC 0.15 
WOCTAIL2 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
WOCTAILS 
WOCTAIL4 VOLUME Mobile Equipment Tailpipe - WOC 
WOCTAILS VOLUME Mobile Equipment Tailpipe - WOC 
WOCTAILE VOLUME 
WOCTAIL7 VOLUME Mobile Equipment Tailpipe - WOC 
WOCTAIL8 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
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NOx to 
NO2 Notes 
Ratio 


WOCTAIL10 
WOCTAILI1 
WOCTAIL13 VOLUME Mobile Equipment Tailpipe - WOC OLS Diesel tailpipe from on-road vehicles 


WOCTAIL14 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


Source com 
Source ID Source Description 


Type 


WOCTAILI 


WOCTAIL15 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL16 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


WOCTAILI7 
WOCTAIL19 Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 

WOCTAIL20 
WOCTAIL21 
WOCTAIL22 
WOCTAIL23 Mobile Equipment Tailpipe - WOC 
WOCTAIL24 Mobile Equipment Tailpipe - WOC 
WOCTAIL2S VOLUME 
WOCTAIL26 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 

WOCTAIL27 VOLUME 
WOCTAIL28 VOLUME 


WOCTAIL29 VOLUME 
WOCTAIL30 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 


WOCTAIL31 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


WOCTAIL32 VOLUME Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
WOCTAIL33 VOLUME 
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Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 


Mobile Equipment Tailpipe - WOC Diesel tailpipe from on-road vehicles 
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Source 
Type 


Source ID Source Description 


AIRTAIL1 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
AIRTAIL2 VOLUME Mobile Equipment Tailpipe - WOC | 0.15 Diesel tailpipe from on-road vehicles 
AIRTAIL3 VOLUME Mobile Equipment Tailpipe - WOC | Ons Diesel tailpipe from on-road vehicles 
AIRTAIL4 VOLUME Mobile Equipment Tailpipe - WOC OFS Diesel tailpipe from on-road vehicles 
AIRTAILS VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
AIRTAIL6 VOLUME Mobile Equipment Tailpipe - WOC 0.15 Diesel tailpipe from on-road vehicles 
AIRTAIL7 VOLUME Mobile Equipment Tailpipe - WOC | 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL1 VOLUME Mobile Equipment Tailpipe - WCF | 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL2 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL3 VOLUME Diesel tailpipe from on-road vehicles 

VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 


WCFTAIL4 
VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 


WCFTAILS 
WCFTAIL6 
WCFTAIL7 VOLUME Mobile Equipment Tailpipe - WCF | 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL8 VOLUME Mobile Equipment Tailpipe - WCF | 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL9 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL10 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL11 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL12 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL13 Mobile Equipment Tailpipe - WCF | 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL14 Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 


WCFTAIL15 VOLUME Mobile Equipment Tailpipe - WCF Diesel tailpipe from on-road vehicles 
WCFTAIL16 VOLUME Mobile Equipment Tailpipe - WCF Diesel tailpipe from on-road vehicles 


WCFTAIL17 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
WCFTAIL18 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
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NOx to 


Source ID oki Source Description NO2 Notes 


De Ratio 


WCFTAIL19 VOLUME Mobile Equipment Tailpipe - WCF 0.15 Diesel tailpipe from on-road vehicles 
1IMFUGD1 VOLUME Mobile Equipment Fugitive Dust - BT1 
VOLUME 


1MFUGD2 Mobile Equipment Fugitive Dust - BT1 


1MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BT1 
1IMFUGD4 VOLUME Mobile Equipment Fugitive Dust - BT1 


1MFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT1 


Mobile Equipment Fugitive Dust - BT1 
Mobile Equipment Fugitive Dust - BT1 
Mobile Equipment Fugitive Dust - BT1 
Mobile Equipment Fugitive Dust - BT1 

2MFUGD1 VOLUME Mobile Equipment Fugitive Dust - BT2 
Mobile Equipment Fugitive Dust - BT2 


2MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BT2 
2MFUGD4 VOLUME Mobile Equipment Fugitive Dust - BT2 


2MFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT2 
2MFUGD6 VOLUME Mobile Equipment Fugitive Dust - BT2 
3MFUGD1 VOLUME Mobile Equipment Fugitive Dust - BT3 


3MFUGD2 VOLUME Mobile Equipment Fugitive Dust - BT3 
3MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BT3 
3MFUGD4 VOLUME Mobile Equipment Fugitive Dust - BT3 
3MFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT3 
3MFUGD6 VOLUME Mobile Equipment Fugitive Dust - BT3 


3MFUGD7 VOLUME 
S5MFUGD1 VOLUME 


Mobile Equipment Fugitive Dust - BT3 
Mobile Equipment Fugitive Dust - BT5 


S5MFUGD2 VOLUME 


Mobile Equipment Fugitive Dust - BT5 
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October 2022 


Source ID Se Source Description 

5MFUGD3 VOLUME Mobile Equipment Fugitive Dust - BT5 
5MFUGD4 VOLUME Mobile Equipment Fugitive Dust - BT5 
SMFUGD5 VOLUME Mobile Equipment Fugitive Dust - BT5 
5MFUGD6 VOLUME Mobile Equipment Fugitive Dust - BT5 
5MFUGD7 VOLUME Mobile Equipment Fugitive Dust - BT5 
WCFMFUGD1 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD2 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD3 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD4 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD5 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD6 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD7 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD8 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD9 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD10 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD11 VOLUME Mobile Equipment Fugitive Dust - WCF 
WCFMFUGD12 VOLUME Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD13 VOLUME 
WCFMFUGD14 VOLUME Mobile Equipment Fugitive Dust - WCF 


Mobile Equipment Fugitive Dust - WCF 


Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD15 VOLUME Mobile Equipment Fugitive Dust - WCF : St. 2 ae eo. ee een 


Mobile Equipment Fugitive Dust - WCF 


Mobile Equipment Fugitive Dust - WCF 


Mobile Equipment Fugitive Dust - WCF 


WCFMFUGD16 VOLUME 
WCFMFUGD17 VOLUME 
WCFMFUGD18 VOLUME 
WCFMFUGD19 VOLUME 
WOCMFUGD1 VOLUME 


Mobile Equipment Fugitive Dust - WOC 
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Source ID 


WOCMFUGD2 
WOCMFUGD3 
WOCMFUGD4 


WOCMFUGD5 


WOCMFUGD6 


WOCMFUGD7 


WOCMFUGD8 


WOCMFUGD9 
WOCMFUGD10 


Source 
Type 


VOLUME 
VOLUME 


VOLUME 


Source Description 


VOLUME 
VOLUME 
VOLUME 
VOLUME 


WOCMFUGD11 


WOCMFUGD12 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC 
VOLUME Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC 


VOLUME 


Mobile Equipment Fugitive Dust - WOC 


VOLUME 


WOCMFUGD13 
WOCMFUGD14 
WOCMFUGD15 


WOCMFUGD16 
WOCMFUGD17 


VOLUME 


Mobile Equipment Fugitive Dust - WOC 
Mobile Equipment Fugitive Dust - WOC 


VOLUME 


Mobile Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


VOLUME Site Equipment Fugitive Dust - WOC 


Mobile Equipment Fugitive Dust - WOC 


VOLUME 
VOLUME 


Mobile Equipment Fugitive Dust - WOC 
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WOCMFUGD18 VOLUME Mobile Equipment Fugitive Dust - WOC - aie 
WOCMFUGD19 VOLUME Mobile Equipment Fugitive Dust - WOC - - 
WOCMFUGD20 VOLUME Mobile Equipment Fugitive Dust - WOC - a hi 
WOCMFUGD21 VOLUME Mobile Equipment Fugitive Dust - WOC - - 
WOCMFUGD22 Mobile Equipment Fugitive Dust - WOC ac sale 
WOCMFUGD23 Mobile Equipment Fugitive Dust - WOC ee : 
WOCMFUGD24 VOLUME Mobile Equipment Fugitive Dust - WOC - - 
| WOCMFUGD25 VOLUME Mobile Equipment Fugitive Dust - WOC - - 
WOCMFUGD26 VOLUME Mobile Equipment Fugitive Dust - WOC - = 
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Source ID see Source Description 
WOCMFUGD27 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD28 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD29 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD30 VOLUME Mobile Equipment Fugitive Dust - WOC 
| WocMFUGD31 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD32 VOLUME Mobile Equipment Fugitive Dust - WOC 
WOCMFUGD33 VOLUME Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD1 VOLUME Mobile Equipment Fugitive Dust - WOC 


AIRMFUGD2 VOLUME Mobile Equipment Fugitive Dust - WOC 
AIRMFUGD3 VOLUME Mobile Equipment Fugitive Dust - WOC 


Diesel tailpipe from non-road equipment 


Diesel tailpipe from non-road equipment 


Reasonably Foreseeable Development 
Reasonably Foreseeable Development 


Reasonably Foreseeable Development 


Reasonably Foreseeable Development 


Reasonably Foreseeable Development 


Reasonably Foreseeable Development 


Reasonably Foreseeable Development 


AIRMFUGD4 VOLUME Mobile Equipment Fugitive Dust - WOC - - 
AIRMFUGD5 VOLUME Mobile Equipment Fugitive Dust - WOC - 
AIRMFUGD6 VOLUME Mobile Equipment Fugitive Dust - WOC - 
| AIRMFUGD7 VOLUME Mobile Equipment Fugitive Dust - WOC - 
WOC - Stationary Combustion Sources - Power Generation 
WOCTEMPTRB1 POINT Turbine 
WOC - Stationary Combustion Sources - Power Generation 
WOCTEMPTRB2 Turbine 0.3 
RFDGMT1 RFD - GMT1 @2 
RFDGMT2 RFD - GMT2 0.2 
RFDGWPDS1 RFD - Greater Willow Project Drill Site #1 0.15 
RFDGWPDS2 RFD - Greater Willow Project Drill Site #2 0.15 
RFD - CDS 0.2 
RFDCD8 POINT RFD - CD8 Expansion 
RFDNW POINT RFD - Narwhal 
RFDACF POINT | RFD - Alpine Central Facility Expansion 0.2 


Reasonably Foreseeable Development 
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NOx to 
Source 


Source ID Source Description NO2 Notes 


VBE Ratio 


REDCD1EXP POINT RFD - CD1 Expansion Reasonably Foreseeable Development 
REDCD4EXP POINT RFD - CD4 Expansion Reasonably Foreseeable Development 
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Table 1.1-14. Alternative E Near-field Model Scenario 5 Emissions Stack Parameters 


_ Release : Exit _ Release Paneer | a 
Source Elevation ; Diameter ; Sigma Z 
Source ID Type ea) Height (m) Velocity Temperature a (m) 
_(m) (m/s) (K) : 


BT1OPSLH1 
BT1OPSLH2 
BT1OPSBG 

BT1OPSFUGD 


POINT 2.74 12.2 


POINT 2.74 12.2 
POINT 2.74 6.1 


VOLUME 2.74 Doll 


BT1IWICTH POINT 2.74 3.7 - - 
BTIWICTE POINT | 2.74 He 

BTLIWILCTE POINT 2.74 So// 

BT2OPSLH1 POINT 2.74 EZ. 


BT2OPSLH2 POINT 2.74 12.2 
POINT 2.74 Onl 


BT2OPSBG 


BT2OPSFUGD VOLUME 2.74 Sal, 
| BT2WICTH POINT 2.74 Sal 5 
BT2WICTE POINT 2.74 3-7/ : 
| BT2WILCTE POINT 2.74 3.7 i 
| BT30PSLH | POINT 444 ee 


| BT3OPSBG POINT 2.74 6.1 
| BT3OPSFUGD | VOLUME __| 2-74 [a7 
BT3WICTH POINT 2.74 3.7 
BT3WICTE POINT 2.74 3.7 
BT3WILCTE POINT 2.74 207 
BT5OPSLH POINT 2.74 12.2 


BTSOPSBG POINT 6.1 
BTSOPSFUGD VOLUME Sol/ 
BTSWICTH POINT Shad 


Sal/ 


BISWICTE POINT 
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F Release ; Exit Release 
Source Elevation A Diameter 
Height Velocity Temperature 
Type (m) (k) 


m 

(m) om (m/s) 
BTSWILCTE POINT 2.74 644 
WLWTG03A 3.05 


0. 41.6 
WLWTG03B Z 

2 

2 

2 

2 


SigmaY SigmaZ 
(m) (m) 


Source ID 


Oo 
ro) 
ion) 


= 
oO 


g 


~N 
alan 
(=) (t=) 


WLWTGO1A 3.05 
WLWTG01B 
WLWTGO2A 
WLWTG02B 3.05 
wLwT604 
WLWTGOS 2 

WLWGLO5 0. 

WLWHG03 3.05 1 
WLWHG04 1 


WLWHG01 POINT 1 
WLWHGO02 POINT 1 


WLWHG06 POINT 1 
WLWFGLPE POINT 114.08 | 18.48 


<r 
oO 


Oo Oo 
ro) S 
wn ion] 
N 
oO 
WwW lw |W 
SS SST SS 
(eo) te) |=) 


ol 
S) 


iin 


525 
525) 
S25) 


10 
10 

mvrowe [row [36 Tans [anes fon 

WCFOPSFUGD | VOLUME he 15.1 3.38 

WOCPWRGEN1 ae 3.05 760 - - 

WOCPWRGEN2 | POINT _| ps fee fs fo 760 : : 

WOCPWRGEN3 | POINT 3.05 — 760 a 

WLWIGO1 POINT 3.05 Pian eed 1200 

WLWIGO2 POINT 3.05 Safar ef 1200 soo ae eee 4 

WLWHLOS POINT 3.05 13.19 525 : 

witowaira | areapoty|29 [sos |- —[-  - ese 
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Source ID Source Elevation Mare | Diameter vaio raiiperatike SigmaY  SigmaZ 
Type (m) (m) (m) (m/s) (K) oe (mM) (m) 

WILLOWAIR2 _| AREAPOLY | 2-9 152.4 - - - - 23.63 
WILLOWAIR3 _| AREAPOLY | 2-9 [psa LE - - - = 23.63 = 
WOCOPSFUGD | VOLUME | 3.05 Sul - is - | 3s. 3.38 
WCFPCE1 AREAPOLY | 3-05 13.3 : . - . = 12.37 il 
WCFPCE2 AREAPOLY | 3-95 3.63 7 - - - - 3.38 
WCFPCE3 AREAPOLY | 3-95 9.38 - ale A . ie ls 72 Z 
WCFPCE4 AREAPOLY | 3-95 ac - - - - 3.38 
WCFPCES AREAPOLY | 3-95 3.63 - mE - ae [338 
WCFPCE6 AREAPOLY | 3-95 wee - - E - 1237 
WCFPCE7 AREAPOLY | 3-05 3.63 ae - - - a 3.38 
WCFSCE1 | AREAPOLY 3.05 13.3 - - a - - 1287 
WCFSCE2 AREAPOLY | 3-05 3.63 aE a - i 3.38 | 
WCFSCE3 AREAPOLY | 3-95 9.38 - - E - 8.72 
WCFSCE4 AREAPOLY | 3-95 3.63 ; — - - [os 3.38 
WCFSCE5 "| AREAPOLY 3.05 3.63 - : 1S - Be 1 

| WCFSCE6 __| arearoty [ee el 13.3 ie - - ie 37 

| WCFSCE7 AREAPOLY | 3-05 ee 3.63 : a - ale - 3.38 x 

| WCFNRE1 AREAPOLY | 3-05 eee : - - 12337 
WCFNRE2 ee 3.63 - . fm - >| - | 3.38 4 
WCFNRE3 AREAPOLY | 3:95 933 | - - - - 8.72 

| WCFNRE4 AREAPOLY | 3-95 __| 3.63 - I= ae a - _|338 a 
WCFNRES AREAPOLY | 3:95 _| 3.63 - - - - 3.38 
WCFNRE6 Me neces ae ee) . 9 - - - _[s237_| 
WCENRE7 AREAPOLY | 3:05 3.63 ey - : : 3.38 

| WLW2GEN POINT 3.05 6.1 ‘| 0.46 aribee 795 Ws ies set 
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3 Release ; Exit Release 
Source Elevation ; Diameter ; 
Source ID Type (m) Height (m) Velocity Temperature 
(m) (m/s) (K) 


BT3NRE1 AREAPOLY 

BT3WIN1 AREAPOLY 

SWELLINTE | POINT 
6 


SigmaY  SigmaZ 
(m) (m) 


i ad 
3 


38 


Ww |W 
WwW |w 
Co | 0O 


5 US 


sit 
AREAPOLY 
BT1WIN1 AREAPOLY 
0.46 
2.74 
0.46 
1 0.46 


W995 


; 


Rees 
ares 


3.38 
3.38 


795 eee es 
ieee ree 
Ee Bees 
eomieess |e 5eaes 
Boa 


1 
15 
1 


Db 


= 


795 


3.63 
3.05 


AS}. 


— 


boa 
WOCNRE 
1TAIL2 VOLUME 


1TAIL3 VOLUME 
1TAIL4 VOLUME 


ITAIL6 


1TAILO VOLUME | 2.13 3.66 : 
2TAIL1 VOLUME | 2-13 3.66 
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Source Elevation oe eDrameterc Release 


i i | SigmaY = Sigma Z 
Source ID Height Velocity | Temperature 
Type (m) (m) (m) (m/s) (K) (m) (m) 


2TAIL2 VOLUME 


9.07 


2TAIL3 : : | : 9.07 
2TAIL4 VOLUME : : | : 9.07 
2TAILS VOLUME 3.66 : | : : 9.07 3.38 
| 2TAILG VOLUME | 2-13 3.66 : 2 : 9.07 3.38 
3TAILL VOLUME | 2-13 3.66 : : : 6.8 3.38 
eu VOLUME 3.66 : : : 6.8 3.38 
3TAIL3 VOLUME 3.66 : : : 6.8 3.38 
3TAIL4 VOLUME 3.66 : - : 6.8 3.38 
3TAILS VOLUME | 2-13 : 6.8 3.38 
3TAIL6 VOLUME | 2-13 : 6.8 3.38 
3TAIL7 VOLUME | 2-13 : 6.8 3.38 
STAIL1 VOLUME | 2-13 3.66 : 6.8 3.38 
STAIL2 sou 3.66 : 6.8 3.38 
STAIL3 3.66 : 6.8 3.38 
STAILA : 6.8 3.38 
STAILS 2.13 - 6.8 3.38 
STAIL6 VOLUME | 2-13 : 6.8 3.38 
STAIL7 VOLUME : 6.8 3.38 
WOCTAIL1 VOLUME : 9.07 3.38 
WOCTAIL2 VOLUME | 2:13 SS SAae 9.07 3.38 


WOCTAIL3 VOLUME | 2-43 3.66 : - 
WOCTAIL4 VOLUME | 2-13 3.66 : : - 


WOCTAILS VOLUME | 2-13 3.66 : 2 : 9.07 
WOCTAIL6 volume | 2-3 3.66 : : : 9.07 
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Source ID 


WOCTAIL10 
WOCTAIL11 


Release 


Exit 


Release 


October 2022 


Source Elevation Height Diameter Velocity Temperature Sigma Z 
Type (m) (m) (m) (m) 
Reha ire 9.07 | 3.38 
9.07 | 3.38 
3.66 9.07 | 3.38 
3.66 9.07 3.38 
VOLUME | 2:13 3.66 9.07 3.38 


WOCTAIL12 


WOCTAIL17 VOLUME | 2:43 
WOCTAIL18 
WOCTAIL20 VOLUME | 2:43 3.66 : : : 9.07 
WOCTAIL21 VOLUME | 2:13 3.66 : - ; 9.07 
WOCTAIL22 VOLUME | 2:13 3.66 = : 5 9.07 
WOCTAIL23 VOLUME | 2:13 3.66 =p : : 9.07 

| wocTall24 VOLUME | 2:13 3.66 : : S 9,07 

| WOCTAIL25 VOLUME | 2:13 | 3.66 | - : : 9.07 
WOCTAIL26 _| VOLUME 2.13 3.66 : : : 9.07 

| WOCTAIL27__| VOLUME 2.13 3.66 : : : 9.07 3.38 
WOCTAIL28 == PSCEE 2.13 3.66 AEE 5 : 9.07 3.38 
WOCTAIL29 VOLUME | 2:13 = 3.66 = : : 9.07 3.38 

AV OGIAISE VOLUME css? | 3.66 aE - - 9.07 3.38 
WOCTAIL31 VOLUME | 2:43 | 3.66 | - - - 9.07 3.38 
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Source ID ee Elevation nee Diameter | Sule clty3 raieeratuis SigmaY | SigmaZ 
ype (m) een (m) (mish. XK) (m) (m) 
WOCTAIL32 VOLUME | 2:13 3.66 : es Pe aa oc ee eee 
WOCTAIL33 VOLUME | 2:13 ice - ee i ee ea ses | 
AIRTAIL1 VOLUME Lee 3.66 : ee ee Sie ae | 
AIRTAIL2 VOLUME pits 3.66 : a 6.8 3.38 
AIRTAIL3 VOLUME | 2-13 3.66 : 6.8 3.38 
AIRTAIL4 VOLUME | 2:13 3.66 - SS eee ere eee 
AIRTAILS VOLUME | 2-13 3.66 : - i SS ee 
AIRTAIL6 VOLUME : : ee ee | 
AIRTAIL7 VOLUME 3.66 : : Ls Ske ee 
WCFTAIL1 VOLUME ; —— 9.07 3.38 
WCFTAIL2 VOLUME 3.66 3.38 
WCFTAIL3 VOLUME area | 
WCFTAIL4 VOLUME ae 
WCFTAILS : See 
WCFTAIL6 VOLUME Pane ae 
WCFTAIL7 VOLUME aoe | 
WCFTAILS 2.43 Se Ste ess | 
WCFTAIL9 VOLUME 3.38 
WCFTAIL10 VOLUME 3.38 
WCFTAIL11 VOLUME 
WCFTAIL12 VOLUME go | 
: ae 
2.13 Pa 
WCFTAIL15 VOLUME | 2-13 3.66 — - : 9.07 3.38 
WCFTAIL16 VOLUME | 2:13 3.66 : | - 9.07 3.38 
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Source Elevation Soca Diameter zoe BPlenee Sigma Y Sigma Z 


Source ID Height Velocity Temperature 
Type (m) (m) (m) (m/s) (m) (m) 


4 


werraili7 | volume [213 [366 |- 


WCFTAIL18 VOLUME | 2:43 3.66 a 
WCFTAIL19 VOLUME | 2-43 3.66 see a ae 


1MFUGD1 


1MFUGD2 VOLUME 


1MFUGD3 VOLUME 
VOLUME | 2.13 3.66 
VOLUME | 2.13 
VOLUME | 2.13 3.66 
1MFUGD8 VOLUME | 2.13 
1MFUGD9 VOLUME 
2MFUGD1 VOLUME | 2-13 3.66 


2MFUGD2 __| VOLUME 


VOLUME 


2MFUGD3 VOLUME 
2MFUGD4 VOLUME 
2MFUGD5 VOLUME 3.66 
2MFUGD6 VOLUME | 2-13 3.66 
3MFUGD1 

3MFUGD2 


3MFUGD3 VOLUME | 2-13 
3MFUGD4 VOLUME | 2-13 
3MFUGDS5 VOLUME | 2-13 


BMFUGD6 __| VOLUME 
BMFUGD7__| VOLUME 


Final Supplemental Environmental Impact Statement Page |-182 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Release 


Source Elevation Polcinater Exit —_- Release 
Height Velocity Temperature 


Type (m) (m) _(m) (m/s) (K) 


VOLUME 
VOLUME 
5MFUGD3 VOLUME | 2-13 


5MFUGD4 VOLUME 

5MFUGD5 VOLUME 
5MFUGD6 VOLUME 
5MFUGD7 VOLUME 
WCFMFUGD1 VOLUME 
WCFMFUGD2 VOLUME 
WCFMFUGD3 VOLUME 


WCFMFUGD4 VOLUME 


WCFMFUGD5 VOLUME 


SigmaY  SigmaZ 
(m) (m) 


3.38 
os 


Source ID 


5MFUGD1 
5MFUGD2 


WCFMFUGD6__| VOLUME 3.66 : : : 9.07 

WCFMFUGD7__| VOLUME _| 2:13 3.66 : : - 
WCFMFUGD8-__| VOLUME a 3.66 ai : : 9.07 

WCFMFUGD9 | VOLUME_ | 2-43 3.66 : — : 9.07 

WCFMFUGD10 | VOLUME | 2:13 3.66 : 4 9.07 

WCFMFUGD11 | VOLUME | 2:13 3.66 : : 2 9.07 

WCFMFUGD12 | VOLUME | 2:13 3.66 : - : _ | 9.07 

WCFMFUGD13 | VOLUME | 2:13 3.66 : : : 9.07 

WCFMFUGD14_ | VOLUME pas ae ise | : : 9.07 

WCFMFUGD15_| VOLUME | 2:13 3.66 - - - 
3.66 | - : 9.07 
WCFMFUGD17_ | VOLUME | 2-13 3.66 2 : : 9.07 
WCFMFUGD18 | VOLUME 3.66 : : : 9.07 3.38 
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Source Elevation sO Diameter ext : Release SigmaY. Sigma Z 
Source ID Height Velocity Temperature 
Type (m) (m) (m) (m) (m) 


(m/s) 09) 


3.38 


: S107 3.38 
- 9.07 3.38 


3.66 
213 | 3.66 
| wocmFuGD2 | volume | 2:13 3.66 
WOCMFUGD4_| VOLUME | 2:13 3.66 
3.66 


WOCMFUGD6 | VOLUME eee cc 
WOCMFUGD7_ | VOLUME | 2-13 3.66 


- 9.07 3.38 
9.07 3.38 


3.38 
3.38 


WOCMFUGD8 2.13 3.66 9.07 3.38 
WOCMFUGDS | VOLUME | 2-13 3.66 3.38 
WOCMFUGD10 | VOLUME | 2-43 3.66 3.38 
VOLUME | 2-43 3.66 3.38 
2.13 3.66 3.38 
VOLUME | 2-13 3.66 3.38 


WOCMFUGD14 | VOLUME | 2:13 3.66 


9.07 3.38 


WOCMFUGD15 | VOLUME | 2:13 3.66 9.07 
WOCMFUGD16 2.13 3.66 9.07 
WOCMFUGD17 | VOLUME 3.38 
WOCMFUGD18 | VOLUME 3.66 3.38 
WOCMFUGD19 | VOLUME 3.66 3.38 
WOCMFUGD20 | VOLUME 3.66 3.38 
| wocmrusoai | votume | 213 |366  |- | - 3.38 
WOCMEUGD22 3.66 — : : 3.38 
WOCMFUGD23 | VOLUME | 2:13 3.66 : - 9.07 3.38 
WOCMFUGD24 | VOLUME | 2:13 3.66 : = 9.07 3.38 
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Source dlevation: no biameten eM eee “SigmaY  SigmaZ 


Source ID 5 Height Velocity | Temperature 
Type (m) (m) | (m) (m/s) (K) (m) Ci) 


WOCMFUGD25 | VOLUME | 2-13 3.66 : 
WOCMFUGD26 | VOLUME | 2-13 3.66 Es 
WOCMFUGD27 | VOLUME | 2:13 3.66 ; 
WOCMFUGD28 | VOLUME | 2:13 3.66 . : 9.07 


WOCMFUGD29 2.13 3.66 
WOCMFUGD30 


WOCMFUGD31 


VOLUME 
VOLUME | 2-43 3.66 
VOLUME | 2-13 3.66 


WOCMFUGD32 | VOLUME | 2-23 3.66 = 9.07 3.38 
WOCMFUGD33 | VOLUME | 2:43 3.66 ‘ = 9.07 3.38 
AIRMFUGD1 


AIRMFUGD2 


le 
VOLUME | 2-43 3.66 : : 6.8 3.38 
VOLUME | 2-43 3.66 : = 6.8 3.38 
2 
2 


ip) nn 00.94 7m 525 
RFDGWPDS1 3.7 0.356 41.6 644 
RFDGWPDS2 _| POINT 1.524 ay 41.6 644 
RFDCD5 POINT 1.524 35 820 


RFDACF POINT 1.524 20.2 1.83 46.2 758 


RFDCD8 POINT 1.524 6.1 0.46 lS). dl 795 


AIRMFUGD3 VOLUME | 2:13 3.66 - - ae 3.38 
AIRMFUGD4 VOLUME | 2:13 3.66 net erate see ea 3.38 
AIRMFUGD5 VOLUME | 2:13 3.66 [sR em es Loge ted ory peel 3.38 
AIRMFUGD6 VOLUME | 2:13 3.66 a ee ee cee 3.38 
AIRMFUGD7 VOLUME | 2-43 3.66 ee ee Ea 3.38 
| WOcTeMPTR1 POINT 3.05 - | 30 30 Eek a 
WOCTEMPTRB2 | POINT 3.05 30 30 550 : 
RFDGMT1 POINT 4.88 0.305 35 820 - 
apes 
sae 
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Source Elevation cee Dlameter Release 
scuree Height Velocity Temperature 


Tyee (m) (m) (m) (m/s) (K) 


Sigma Z 


-Rrocoaexe | pont | 1524 [61 _—foa6__| 15. 
Ison ame PON TR 21.5241 ic | ae as | ee 
(Sihic wecl ROEa 


RFDCD1EXP POINT 1.524 
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Table 1.1-15. Alternative E Near-field Model Scenario 5 Emissions Rates 


Modeled Emission Rates (g/s) 


co NO, PMio PMa5 50, Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde 
Source ID 
eels 1-hr Annual? 24-hr 24-hr Annual* 24-hr Annual? 1-hr Annual? i-hr Annual? 1-hr Annual* 4-hr Annual* i-hr Annual* 1-hr Annual* 
BT1OPSLH1 5.19E-02 6,18E-02 6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4,17E-03 4.17E-03 1.30E-06 1.30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-03 1,11E-03 4.63E-05 4.63E-05 8760 
BT1OPSLH2 5.19E-02 6,18E-02 6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 1,30E-06 1.30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-03 1.11E-03 4.63E-05 | 4.63E-05 8760 


BT1OPSBG 1.16E+00 1.16E+00 6.63E-02 3.35E-02 3.35E-02 1.91E-03 2.21E-03 2.21E-03 1.26E-04 1.10E-03 6.29E-05 3.99E-04 2.28E-05 0.00E+00 0.00E+00 2.74E-04 1.56E-05 0,00E+00 | 0.00E+00 1.12E-04 | 6.39E-06 | 500 


BT1OPSFUGD 0.00E+00 0.00E+00 0.00E+00 2.78E-02 4.18E-03 4.18E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


4 


BT1WICTH | 4.57E-02 1,83E-01 7.20E-02 2.17E-02 1.94E-02 7.67E-03 1.94E-03 1.94E-03 7.67E-04 1.95E-06 7.71£-07 5.66E-05 2.23E-05 5.81E-07 2.29E-07 9.95E-07 3.93E-07 0.00E+00 0.00E+00 3.01E-04 1.19E-04 | 288 


BTIWICTE 6.21£-02 9.32E-02 3.68E-02 4.97E-03 4.97E-03 1.96E-03 8.23E-05 8.23E-05 3.25E-05 4.94E-05 1.95E-05 2.16E-05 8.54E-06 0.00E+00 0.00E+00 1.51£-05 5.95E-06 0.00E+00 0.00E+00 6.24E-05 2.46E-05 | 288 
BT1WILCTE 4.75E-01 8.68E-01 3.43E-01 2.71E-02 2.71E-02 1.07E-02 1.00E-03 1.00E-03 3.95E-04 4.48E-04 1.77E-04 1,62E-04 6.40E-05 0.00E+00 0,00E+00 1.116-04 | 4.40E-05 0,00E+00 0.00E+00 4.56E-05 1.80E-05 | 288 
BT2OPSLH1 5.19E-02 6.18E-02 6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 1.30E-06 1.30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1,11£-03 1,11E-03 4.63E-05 4.63E-05 | 8760 
BT2OPSLH2 5.19E-02 6.18E-02 6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 1.30E-06 1,30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-03 1.11E-03 4.63E-05 4.63E-05 | 8760 
BT2OPSBG 1.16E+00 1.16E+00 6.63E-02 3.35E-02 3.35E-02 1.91E-03 2.21£-03 2,21E-03 1.26E-04 1.10E-03 6.29E-05 | 3.99E-04 2.28E-05 0.00E+00 0.00E+00 2.74E-04 1.56E-05 0.00E+00 0.00E+00 1.12E-04 6.39E-06 | 500 


BT2OPSFUGD 0,00E+00 0.00E+00 0.00E+00 2.77E-02 4.15E-03 4.15E-03 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


BT2WICTH a 1,83E£-01 7.20E-02 |_2.17€-02 1,94E-02 7.67E-03 =| 1.946-03 1.94E-03 7.67E-04 1.95E-06 7.71E-07 5.66E-05 2.23E-05 5.81E-07 2.29E-07 9.95E-07 3.93E-07 0.00E+00 | 0.00E+00 3.01E-04 1.19E-04 | 288 
BI2WICTE 6.21E-02 9,32E-02 3.68E-02 4.97E-03 4.97E-03 1.96E-03 8.23E-05 | 8.23E-05 3.25E-05 4.94E-05 1,95E-05 2.16E-05 8.54E-06 0.00E+00 0.00E+00 1.51E-05 5.95E-06 0.00E+00 | 0.00E+00 6.24E-05 2,.46E-05 | 288 
BT2WILCTE 4.75E-01 8.68E-01 3.43E-01 2.71E-02 2.71E-02 dl 1.07E-02 1.00E-03 1.00E-03 3.95E-04 4.48E-04 1.77E-04 1.62E-04 6.40E-05 0.00E+00 0.00E+00 1.11E-04 4.40E-05 0.00E+00 0.00E+00 4.56E-05 1.80E-O5 | 288 
BT30PSLH 5.19E-02 6.18E-02 6.18E-02 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 1.30E-06 [ 1.30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11£-03 1.11£-03 4.63E-05 4.63E-05 | 8760 
BT30PSBG 1.16E+00 1.16E+00 6,63E-02 3.35E-02 3.35E-02 1.91E-03 2.21E-03 2.21£-03 1.26E-04 1.10E-03 6.29E-05 3.99E-04 2.28E-05 0.00E+00 0,00E+00 2.74E-04 1.56E-05 0.00E+00 0.00E+00 1.12E-04 6.39E-06 | 500 


BT30PSFUGD 0.00E+00 0.00E+00 0.00E+00 2.57E-02 3,86E-03 3.86E-03 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


BT3WICTH 4.57E-02 1,83E-01 7,.20E-02 2.17E-02 1.94E-02 7.67E-03 1,94E-03 1,94E-03 7.67E-04 1.95E-06 7.71E-07 5.66E-05 2.23E-05 5.81E-07 2.29E-07 9.95E-07 3.93E-07 0.00E+00 0.00E+00 3.01£-04 1.19E-04 | 288 
BI3WICTE 6.21E-02 9.32E-02 3.68E-02 4.97E-03 4.97E-03 1.96E-03 8.23E-05 8.23E-05 3.25E-05 4.94E-05 1.95E-05 2.16E-05 8.54E-06 0.00E+00 0,00E+00 1.51£-05 5.95E-06 0.00E+00 0.00E+00 6.24E-05 2.46E-05 | 288 
BI3WILCTE 4,75E-01 8.68E-01 3.43E-01 2.71E-02 2.71£-02 1.07E-02 1,00E-03 1.00E-03 3.95E-04 4.48E-04 1.77E-04 1.62E-04 6.40E-05 0.00E+00 0.00E+00 1.11£-04 4.40E-05 0.00E+00 0.00E+00 4.56E-05 1.80E-05 | 288 


BTSOPSLH 


5.19E-02 6.18E-02 6.18E-02 | 4.69E-03 4.69E-03 4.69E-03 4.17E-03 4.17E-03 4.17E-03 1,30E-06 1.30E-06 2.10E-06 2.10E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1,11£-03 1.11E-03 4.63E-05 4.63E-05 | 8760 


BTSOPSBG 


1.16E+00 1.16E+00 6.63E-02 | 3.35E-02 3.35E-02 1.91E-03 2.21E-03 2.21E-03 1.26E-04 1.10E-03 6.29E-05 3.99E-04 ees | 0.00E+00 0,00E+00 2.74E-04 1,56E-05 0.00E+00 0.00E+00 1.12E-04 6.39E-06 | 500 


0,00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


BTSOPSFUGD 0.00E+00 0.00E+00 0.00E+00 | 2.18E-02 3.27E-03 3.27E-03 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 
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Source ID 


BTSWILCTE 


BTSWICTE 6.21E-02 


9.32E-02 


PMio 


24-hr 


2.17E-02 


PMs 


24-hr 


1.94E-02 


Annual? 


7.67E-03 


1-hr 


1.94E-03 


SO; 


24-hr 


1.94E-03 


Annual? 


7.67E-04 


3.68E-02 4.97E-03 


WLWTGO3A 


4.97E-03 


1.96E-03 


8.23E-05 


8.23E-05 


3.25E-05 


Modeled Emission Rates (g/s) 


Benzene 


1-hr 


1,95E-06 


771-07 


Annual* 


Toluene 


1-hr 


5.66E-05 


Annual* 1-hr 


2.23E-05 5,81E-07 


E-Benzene 


Annual* 


2.29E-07 


4.94E-05 


1.95E-05 


2.16E-05 


8.54E-06 | 0.00E+00 


WLWTGO03B 


WLWTG01A 


4.75E-01 8.68E-01 3.43E-01 2,71E-02 2.71£-02 1.07E-02 1.00E-03 1,00E-03 3.95E-04 4.48E-04 1,77E-04 1.62E-04 6.40E-05 0.00E+00 0.00E+00 
1.93E+00 1,91E+00 1.91E+00 2.21E-01 2.21E-01 2.21E-01 2.22E-01 2.22E-01 2.22E-01 4.02E-04 4,02E-04 4.36E-03 4.36E-03 1,07E-03 1.07E-03 
1.93E+00 1.91£+00 1.91E+00 2.21E-01 2.21E-01 | 2.21E-01 2.22E-01 2.22E-01 2.22E-01 4.02E-04 4.02E-04 4.36E-03 4.36E-03 1.07E-03 1.07E-03 


1.47E+00 


1.45E+00 


1.45E+00 1.68E-01 


1.68E-01 


1,.68E-01 


1.69E-01 


1.69E-01 


1.69E-01 


0.00E+00 


Xylenes 


1-hr 


9.95E-07 


Annual? 


3.93E-07 


n-Hexane 


1-hr 


0,00E+00 


Annual? 


0,00E+00 


—_— 


October 2022 


Formaldehyde 


1-hr 


1.51£-05 


5.95E-06 


0.00E+00 


0.00E+00 


1.11£-04 


4.40E-05 


0.00E+00 


0.00E+00 


2.15E-03 


3.06E-04 


3.06E-04 


3.32E-03 


3.32E-03 8.17E-04 


8.17E-04 


2.15E-03 


2.15E-03 


2.15E-03 


0.00E+00 


0.00E+00 


0.00E+00 


6.24E-05 


4.56E-05 


Annual* 


1.19E-04 | 288 


2.46E-05 | 288 


1.80E-05 | 288 


7.37E-03 


7.37E-03 | 8760 


0.00E+00 


7.37E-03 


7.37E-03 | 8760 


1.63E-03 


1.63E-03 


0.00E+00 


0.00E+00 


5.62E-03 


5.62E-03 | 8760 


WLWTGO01B 1.47E+00 | 1.45E+00 | 1.45E+00 | 1.686-01 | 1.68£-01 | 1.68E-01 | 1.696-01 | 1.69E-01 | 1.696-01 | 3.06€-04 | 3.066-04 | 3.32E-03 | 3.32E-03 | 8.17£-04 | 8.17E-04 | 1.63E-03 | 1.63E-03 | 0.00£+00 | 0.00E+00 | 5.62E-03 | 5.62E-03 | 8760 
WLWTGO2A 1.47£+00 | 1.45E+00 | 1.45£+00 | 1.68E-01 | 1.68£-01 | 1.68£-01 | 1.69£-01 | 1.69E-01 fan 3.06E-04 | 3.06E-04 | 3.326-03 | 3.32E-03 | 8.17E-04 | 8.17£-04 | 1.63E-03 | 1.63E-03 | 0.00€+00 | 0.00E+00 | 5.62E-03 | 5.62E-03 
WLWTG02B 1.47E+00 | 1.45E+00 | 1.45£+00 | 1.686-01 | 1.68€-01 | 1.68E-01 | 1.69£-01 | 1.69£-01 | 1.69€-01 | 3.06€-04 | 3.066-04 | 3.32E-03 | 3.32E-03 | 8.17£-04 | 8.17E-04 | 1.63E-03 | 1.63E-03 | 0.00£+00 | 0.00€+00 | 5.62E-03 | 5.62E-03 | 8760 
WLWTG04 5.67£-01 | 6.08E-01 | 6.08E-01 | 5.28£-02 | 5.28E-02 | 5.28£-02 | 5.06£-02 | 5.06E-02 meee ares | 1.17€-04 | 1.05E-03 | 1.05£-03 | 2.59£-04 | 2.59E-04 | 5.19£-04 | 5.19E-04 | 0.00E+00 | 0.00E+00 | 1.81£-03 | 1.81£-03 | 8760 
WLWTGO5 5.67E-01 | 6.08£-01 | 6.08E-01 | 5.28E-02 | 5.28€-02 | 5.286-02 | 5.06E-02 | 5.06E-02 | 5.06E-02 | 1.17E-04 | 1.17£-04 | 1.05€-03 | 1.05E-03 | 2.59£-04 | 2.59E-04 | 5,19£-04 | 5.19E-04 | 0.00E+00 | 0.00E+00 | 1.81£-03 | 1,81£-03 | 8760 
WLWGLOS 6.48E-01 | 1.19E+00 | 6.76E-02 | 3.70E-02 | 3.70E-02 | 2116-03 | 1.22E-03 we] 6.99E-05 | 6126-04 | 3.496-05 | 2.22E-04 | 1.26€-05 Wien | 0.00€+00 | _1.526-04 | 8.69E-06 | 0.00€+00 | 0.00600 | 6.22€-05 | _3.55E-06 | 500 
WLWHG03 3.42E-01 | 4.08E-01 | 4.08E-01 | 3.10£-02 | 3.10E-02 | 3.10€-02 | 2.75£-02 | 2.75E-02 | 2.75E-02 | 8.56E-06 | 8.56E-06 | 1.39£-05 | 1.39E-05 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 1.88E-05 | 1.88E-05 | 3.06£-04 | 3.06E-04 | 8760 
WLWHG04 24 3.426-01 | 4.08-01 | 4086-01 | 3106-02 | 310-02 | 3.10€-02 | 2.75602 | 275E-02 | 2.75E-02 | 8566-06 | 8566-06 | 1396-05 | 1.39€-05 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 0.00+00 | _1.88E-05 | 1.88E-05 | 3.06E-04 | 3.06€-04 | 8760 
WLWHGO1__|_2.08E-01_| 2.47£-01 | 2.47E-01 | 1.88E-02 | 1.88E-02 | 1.88£-02 | 1.67E-02 | 1.67€-02 | 1.67E-02 | 5.19E-06 | 5.19E-06 | 8.40E-06 | 8.40E-06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1146-05 | 1.146-05 | 1.85£-04 | 1,85£-04 | 8760 
WLWHGO02 2.08E-01 | 2.47E-01 | 2.47£-01 | 1.886-02 | 1.88£-02 | 1.88E-02 | 1.67E-02 | 1.676-02 | 1.67E-02 | 5.19E-06 | 5.19£-06 | 8.40E-06 | 8.40€-06 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00c+00 | 1.14€-05 | 1.14£-05 | 1.85E-04 | 1.85£-04 | 8760 
WLWHG06 3.84E-01 | 4576-01 | 4.57E-01 | 3.476-02 | 3.47£-02 | 3.47E-02 | 3.09E-02 | 3.09E-02 poe 9.60E-06 | 9.60E-06 | 1.55£-05 | 1.55E-05 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00£+00 | 2.10£-05 | 2.10€-05 | 3.43E-04 | 3.43E-04 
WLWFGLPE 5.29E+02 | 1.296+02 | 1.47£-01 | 2.94£+01 | 2.94€+01 | 3.36E-02 | 7.516+00 | 7.51£+00 | 8.58E-03 | 7.02E+00 | 8.01€-03 | 6.25€+00 | 7.14€-03 | 3.97E-01 | 4.53e-04 | 1.77£+00 | 2.03E-03 | 1.18€+02 | 1.35€-01 | 1.96€+02 | 2.24€-01 
WLWFGHPE 4.33402 | 9.50E+01 | 1.08E-01 | 3.62E+01 | 3.626401 | 4.14€-02 | 9.25E+00 | 9.25E+00 | 1.06E-02 | 1.56E+00 tos 1.39E+00 | 1.59E-03 | 8.83E-02 | 1.01£-04 | 3.94£-01 | 4.50E-04 | 2.63401 | 3.00E-02 | 4.35E+01 | 4.97E-02 | 10 
WCFOPSFUGD | 0.00E+00 | 0.00E+00 | 0.00€+00 | 3.45£-02 | 5.17E-03 | 5.17£-03 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 4380 
WOCPWRGEN1 | 1.30€+00 | 1.30E+00 | 6.48E-01 | 3.70E-02 | 3.70E-02 | 1.85£-02 | 2.45E-03 | 2.45£-03 | 1.22€-03 | 1.22€-03 | 6.126-04 | 4.43E-04 | 2.22€-04 | 0.00€+00 | 0.00E+00 | 3.04€-04 | 1.52E-04 | 0.00€+00 | 0.00E+00 | 1.24€-04 | 6.22E-05 | 4380 
WOCPWRGEN2 | 1.30E+00 | 1.306+00 | 6.48E-01 | 3.70£-02 | 3.70E-02 | 1.85E-02 | 2.45£-03 | 2.456-03 | 1.22£-03 | 1.22€-03 | 6.12E-04 | 4.43E-04 | 2.22E-04 | 0.00£+00 | 0.00E+00 | 3.04E-04 | 1.52E-04 | 0.00E+00 | 0.00€+00 | 1.246-04 | 6.22E-05 
WOCPWRGEN3 | 1.30E+00 | 1.30E+00 | 6.48E-01 | 3.70E-02 | 3.70E-02 | 1.85£-02 | 2.45E-03 | 2.45€-03 | 1.226-03 | 1.22€-03 | 6.126-04 | 4.43E-04 | 2.22£-04 | 0.00€+00 | 0.00E+00 | 3.04€-04 | 1.52€-04 | 0.00E+00 | 0.00€+00 | 1.24€-04 | 6.22E-05 | 4380 
3.99£-02 | 9.94E-02 | 8.28E-02 1.36€-01 | 1.36£-01 | 1.13E-01 | 3.546-03 | 3.54£-03 | 2.95£-03 | 9.34€-07 | 7.78E-07 | 1.51E-06 | 1.26E-06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.80E-06 | 2.336-06 | 3.34£-05 | 2.78E-05 | 7300 
WLWIGO2 3.99E-02 | 9.94£-02 | 8.28E-02 | 1.36€-01 | 1.36E-01 | 1.13E-01 | 3.54€-03 | 3.54E-03 | 2.95E-03 | 9.34€-07 | 7.78E-07 | 1.51£-06 | 1.26E-06 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 2.80€-06 | 2.33E-06 | 3.34€-05 | 2.78E-05 | 7300 
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Modeled Emission Rates (g/s) 


co NOx PMio PMas S50, Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde 


Source ID 


1-hr and 


che i-hr Annual? 24-hr 24-hr Annualt 24-hr Annual* 1-hr Annual* 1-hr Annual* i-hr Annual* Annual? Annual* 1-hr Annual? 


WLWHLOS | 5.93E-03 2.37E-02 2.37E-02 2.82E-03 2.53E-03 2.53E-03 2.54E-04 2.54E-04 2.54E-04 2.54E-07 2.54E-07 7.36E-06 7.36E-06 7.55E-08 7.55E-08 1.29E-07 1.29E-07 0.00E+00 0.00E+00 3.92E-05 3.92E-05 | 8760 


WILLOWAIR1 1,06E-07 2.91E-08 2.91E-08 1.20E-09 1.20E-09 1.20E-09 4.52E-09 4.52E-09 4.52E-09 3.13E-10 3.13E-10 1,35E-10 1.35E-10 3.57E-11 3.57E-11 8.53E-11 8.53E-11 9.34E-12 9.34E-12 2.28E-09 | 2.28E-09 | 8760 


WILLOWAIR2 1.06E-07_| 2.91E-08 2.91E-08 1.20E-09 1.20E-09 1,20E-09 4.52E-09 4.52E-09 4.52E-09 3.13E-10 3.13E-10 1.35E-10 1.35E-10 3.57E-11 3.57E-11 i 8.53E-11 8.53E-11 9.34E-12 9.34E-12 2.28E-09 | 2.28E-09 | 8760 
WILLOWAIR3 1.06E-07 2.91E-08 2.91E-08 1,20E-09 1.20E-09 1.20E-09 4.52E-09 4,52E-09 4.52E-09 3.13E-10 3.13E-10 1.35E-10 1.35E-10 3,57E-11 3.57E-11 8.53E-11 8,.53E-11 9.34E-12 9.34E-12 2.28E-09 | 2.28E-09 | 8760 
WOCOPSFUGD 0,00E+00 0.00E+00 0.00E+00 1,11£-01 1,67E-02 1.67E-02 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
WCFPCE1 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1,51E-07 1.51E-07 2.64E-09 | 2.64E-09 2.64E-09 3.92E-10 3,92E-10 2.28E-10 2.28E-10 1.20E-10 [ 1.20E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.99E-10: 7.99E-10 | 8760 
WCFPCE2 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1.51E-07 1.51E-07 2.64E-09 2.64E-09 2.64E-09 3.92E-10 3.92E-10 2.28E-10 2.28E-10 1.20E-10 1.20E-10 0.00E+00 0.00E+00. 0,00E+00 0.00E+00 7.99E-10 7.99E-10 | 8760 


WCFPCE3 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1.51E-07 1.51E-07 2.64E-09 2.64E-09 2.64E-09 3.92E-10 3.92E-10 2.28E-10 2.28E-10 1,20E-10 1.20E-10 0.00E+00 0.00E+00 0,00E+00 0.00E+00 7.99E-10 7.99E-10 | 8760 


WCFPCE4 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1.51E-07 1.51E-07 2.64E-09 2.64E-09 2.64E-09 3.92E-10 3,92E-10 2.28E-10 2.28E-10 1.20E-10 1.20E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.99E-10 7.99E-10 | 8760 


WCFPCE5 4.45E-07 2.03E-06 2,03E-06 1.53E-07 1,51E-07 1.51E-07 2.64E-09 2.64E-09 2.64E-09 3.92E-10 3.92E-10 2.28E-10 2,28E-10 1.20E-10 1.20E-10 0,00E+00 0.00E+00 0.00E+00 | 0.00E+00 7.99E-10 7.99E-10 | 8760 


WCFPCE6 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1.51E-07 1.51E-07 2.64E-09 2.64E-09 2.64E-09 3.92E-10 3.92E-10 2.28E-10 2.28E-10 1.20E-10 1,20E-10 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 7.99E-10 7.99E-10 | 8760 
WCFPCE7 4.45E-07 2.03E-06 2.03E-06 1.53E-07 1.51E-07 1.51E-07 2,64E-09 2.64E-09 2.64E-09 3.92E-10 3.92E-10 2.28E-10 2.28E-10 1.20E-10 1.20E-10 0.00E+00 0.00E+00 0,00E+00 0.00E+00 7.99E-10 fe 7.99E-10 | 8760 
WCFSCE1 3.30E-07 4.14E-07 4.14E-07 3.16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2.81E-08 8.74E-12 8.74E-12 1.42E-11 1.42E-11 em 0.00E+00 | 0.00E+00 0.00E+00 2.64E-11 2.64E-11 3.12E-10 3.12E-10 | 8760 
WCFSCE2 3.30E-07 4.14E-07 4.14E-07 3,16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2.81E-08 8.74E-12 8.74E-12 1,42E-11 1,.42E-11 0,00E+00 0.00E+00 0.00E+00 0.00E+00 2.64E-11 2.64E-11 3.12E-10 3.12E-10 | 8760 
WCFSCE3 3.30E-07 4.14E-07 4.14E-07 3.16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2.81E-08 8.74E-12 8.74E-12 1.42E-11 1.42E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.64E-11 2.64E-11 3.12E-10 3.12E-10 | 8760 
WCFSCE4 3.30E-07 4.14E-07 4.14E-07 3.16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2.81E-08 8.74E-12 8.74E-12 1,42E-11 1.42E-11 0.00E+00 0.00E+00 0,00E+00 0,00E+00 2.64E-11 2.64E-11 3.12E-10 3.12E-10 | 8760 
WCFSCE5 3.30E-07 4.14E-07 4.14E-07 3.16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2.81E-08 8.74E-12 8.74E-12 1.42E-11 1.42E-11 0.00E+00 0.00E+00 0.00E+00 


WCFSCE6 3.30E-07 4.14E-07 4.14E-07 3.16E-08 3.16E-08 3.16E-08 2.81E-08 2.81E-08 2,81E-08 8.74E-12 8.74E-12 1.42E-11 1.42E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.64E-11 2.64E-11 3.12E-10 


0.00E+00 | 2.64E-11 | 2.64€-11 | 3.12E-10 | 3.12e-10 | 8760 
| 3.12E-10 | 8760 


WCFSCE7 3306-07 | 4.14£-07 | 4146-07 | 3.16£-08 | 3166-08 | 3.16€-08 | 2.81£-08 | 2.816-08 | 2.816-08 | 8.74E-12 | 8.74E-12 | 1.42€-11 | 1.42E-11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.64E-11 | 2.64€-11 | 3.12E-10 | _3.12E-10 | 8760 
WCFNRE1 1.96£-06 | 9.116-06 | 9116-06 | 6.46£-07 | 6466-07 | 6.46E-07 | 3.19E-09 | 3.196-09 | 3.196-09 | 1.92E-09 | 1.92E-09 | 8.41€-10 | 8.41E-10 | 5.86£-10 | 5.86E-10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 
WCFNRE2 1.96£-06 | 9.116-06 | 9.116-06 | 6.46£-07 | 6.46E-07 | 6.46£-07 | 3.196-09 | 3.196-09 | 319-09 | 1.92E-09 | 1.92£-09 | 8.41E-10 | 8.41£-10 | 5.86E-10 | 5.86E-10 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 
WCFNRE3 1,.96E-06 | 9.116-06 | 9116-06 | 6.46£-07 | 6.46E-07 | 6.46£-07 | 319-09 | 3.196-09 | 3.19F-09 | 1.92E-09 | 1.92E-09 | 8.41£-10 | 8.41E-10 | 5.86£-10 | 5.86E-10 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 

meee 1,96E-06 | 9116-06 | 9116-06 | 6.46607 | 6.46607 | 6.46607 | 3196-09 | 3196-09 | 3.19609 | 1926-09 | 1.92609 | B41E-10 | BA1E10 | 5.8610 | 5.86E-10 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 
WCFNRES 1,96E-06 | 9.116-06 | 9116-06 | 6.46£-07 | 6.466-07 | 6.46£-07 | 3.196-09 | 3.19E-09 | 3.19E-09 | 1.92E-09 | 1.92E-09 | 8.41£-10 | 8.41E-10 | 5.86£-10 | 5.86E-10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 
WCFNREG 1.96€-06 | 9116-06 | 9116-06 | 6.46c-07 | 6.46€-07 | 6466-07 | 3.19E-09 | 3.19€-09 | 3.19E-09 | 1.92E-09 | 1.92E-09 | 8.41£-10 | 8.41£-10 | 5.86£-10 | 5.86E-10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.43E-09 | 2.43E-09 | 8760 
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Modeled Emission Rates (g/s) 


NOx PMio PM25 SO. Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde Annual 


Source ID Hours 


Annualt 24-hr 24-hr Annualt 1-hr 24-hr Annual* 1-hr Annual? 1-hr Annual* 1-hr Annual? hr Annual 1-hr Annual* 1-hr Annual! 


5.86E-10 5.86E-10 


5,24E-05 5.24E-05 2.47E-07 4.32E-06 | 0.00E+00 | 0.00E+00 1,24E-04 1.41£-04 


WCFNRE7 9.11E-06 6.46E-07 6.46E-07 3.19E-09 3.19E-09 3.19E-09 1.92E-09 1,92E-09 8.41E-10 8.41E-10 0.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 2.43E-09 2.43E-09 


WLW2GEN 1.19E-01 5.87E-01 6.08E-01 3.46E-02 3.53E-02 3.51E-04 3.51E-04 3.51E-04 1.91E-04 2.05E-04 7.62E-05 8.20E-05 
SS SSS SS 


BT3NRE1 1.95E-06 2.08E-06 2.08E-07 2.09E-07 2.06E-07 2.06E-08 4.32E-09 4.32E-09 4.32E-10 1.33E-09 1.33E-10 6.42E-10 6.42E-11 6.32E-13 6.32E-14 4.06E-10 4.06E-11 0.00E+00 | 0.00E+00 1.23E-09 1.23E-10 | 876 


BI3WIN1 2.64E-06 3.70E-06 1,46E-06 3.79E-07 3.61E-07 1.43E-07 1.81E-08 1.81E-08 1.71£-09 6.73E-10 1.19E-09 4.68E-10 4.57E-12 1,80E-12 5.24E-10 2.07E-10 | 0.00E+00 | 0.00E+00 4.37E-09 1.72E-09 
3WELLINTE 2.46E-01 2,.81E-01 1.11£-01 1,40E-02 5.54E-03 5.18E-04 2.04E-04 2.32E-04 9.15E-05 8.40E-05 3.31E-05 0.00E+00 | 0.00E+00 5.77E-05 2.28E-05 | 0.00E+00 | 0.00E+00 2.36E-05 9.30E-06 | 288 


BTINRE1 1.81£-06 1.93E-06 1.93E-07 1.93E-07 1,91E-07 1.91E-08 4.01E-09 4.01E-09 4.01E-10 1.23E-09 1.23E-10 5.95E-10 5.95E-11 5.85E-13 5.85E-14 3.76E-10 3.76E-11 0.00E+00 | 0.00E+00 1.14E-09 1.14E-10 | 876 


BT1WIN1 2.45E-06 3.43E-06 1.35£-06 3.51E-07 3.35E-07 1.32E-07 1.68E-08 1.68E-08 6.62E-09 1.58E-09 6.24E-10 1.10E-09 4.34E-10 4.23E-12 1.67E-12 4.86E-10 1.92E-10 | 0.00E+00 | 0.00E+00 4.05E-09 1.60E-09 | 288 
1IWELLINTE 2.46E-01 2.81E-01 1.11E-01 1.40E-02 1.40E-02 5.54E-03 | 5.18E-04 5.18E-04 2.04E-04 2.32E-04 9.15E-05 8.40E-05 3.31E-05 0,00E+00 | 0.00E+00 5.77E-05 2.28E-05 0.00E+00 | 0.00E+00 2.36E-05 


0.00E+00 


BT2NRE1 1.83E-06 1.95E-06 1.95E-07 1.96E-07 1.93E-07 1.93E-08 4.06E-09 4.06E-09 4.06E-10 1.25E-09 1.25E-10 6.03E-10 6,03E-11 5.92E-13 5.92E-14 3.81E-10 3.81E-11 0.00E+00 1,16E-09 


BT2WIN1 2.48E-06 3.47E-06 1.37E-06 3.56E-07 3.39E-07 1.43E-07 1.70E-08 1.70E-08 6.70E-09 1.60E-09 6.31E-10 1.11E-09 4.39E-10 4.28E-12 1,69E-12 4.92E-10 1.94E-10 | 0.00E+00 | 0.00E+00 


8.40E-05 3.31E-05 0.00E+00 | 0.00E+00 5.77E-05 0.00E+00 


2.46E-01 2,81E-01 1.11E-01 1.40E-02 1.40E-02 5.54E-03 5.18E-04 5.18E-04 2.04E-04 2.32E-04 9.15E-05 
| et 
2.32E-06 2.47E-06 2.47E-07 2.48E-07 2.45E-07 2.45E-08 5.14E-09 5.14E-09 5.14E-10 1.58E-09 1.58E-10 7.64E-10 7.64E-11 7.51E-13 7.51E-14 4.83E-10 


BISWIN1 3.14E-06 4.40E-06 1.74E-06 4,51E-07 4.30E-07 1.69E-07 2.15E-08 2.15E-08 8.50E-09 2.03E-09 8.00E-10 1.41E-09 5.56E-10 5.43E-12 2.14E-12 6.23E-10 


2.28E-05 0.00E+00 
4.83E-11 0.00E+00 
2.46E-10 | 0.00E+00 


0.00E+00 


2WELLINTE 


= 


BTSNRE1 0.00E+00 


0.00E+00 


SWELLINTE 2.46E-01 2.81E-01 1.11£-01 1.40E-02 1.40E-02 5.54E-03 5.18E-04 5.18E-04 2.04E-04 2.32E-04 9.15E-05 8.40E-05 3,31E-05 0.00E+00 0,00E+00 5.77E-05 2.28E-05 0.00E+00 2.36E-05 
em | 


6.22E-11 6.22E-11 4.67E-11 4.67E-11 1.90E-11 1,90E-11 0,00E+00 | 0.00E+00 0.00E+00 


WOCPCE 7.88E-08 3.56E-07 3.56E-07 2.83E-08 2.75E-08 2.75E-08 7.86E-10 7.86E-10 7.86E-10 0,00E+00 1.83E-10 


3.77E-12 3.77E-12 0.00E+00 | 0.00E+00 | 0,00E+00 | 0,00E+00 6.99E-12 


WOCSCE 6.12E-08 1.07E-07 1.07£-07 8.44E-09 8.44E-09 8.44E-09 7.50E-09 7.50E-09 7.50E-09 2,33E-12 2.33E-12 6.99E-12 8.33E-11 
WOCNRE 5.55E-07 2.47E-06 1.86E-06 2.08E-07 1.99E-07 1.35E-07 7.98E-09 7.98E-09 1.46E-09 3.82E-10 3.76E-10 3.77E-10 1.89E-10 1.17E-10 1.1SE-10 | 3.74E-12 4.27E-13 | 0.00E+00 | 0.00E+00 1.61E-09 
ITAIL1 1,39E-05 1.35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.93E-08 1.93E-08 6.39E-09 | 6.39E-09 | 2.10E-08 2.10E-08 6,7SE-09 6.75E-09 1.80E-07 


1TAIL2 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1,93E-08 6.39E-09 6.39E-09 2.10E-08 2.10E-08 6,75E-09 6.75E-09 1,80E-07 1.80E-07 


1.39E-05 1.35E-05 


1TAIL3 1.39E-05 1,35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1,93E-08 6.39E-09 6,39E-09 2.10E-08 2.10E-08 6.75E-09 6.75E-09 1.80E-07 1.80E-07 


1TAIL4 1.39E-05 1.35E-05 1.35E-05 1,95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1.93E-08 6.39E-09 6.39E-09 2,10E-08 2,10E-08 6.75E-09 6.75E-09 1.80E-07 1.80E-07 
1TAILS 1.39E-05 1.35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1,57E-08 1.93E-08 1.93E-08 6.39E-09 6.39E-09 2.10E-08 | 2.10E-08 6.75E-09 6.75E-09 1.80E-07 | 1.80E-07 
1TAIL6 1,39E-05 1,35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1,93E-08 6,39E-09 | 6.39E-09 2.10E-08 | 2.10E-08 6.75E-09 6.75E-09 1.80E-07 1.80E-07 | 8760 


1TAIL7 1.39E-05 1,35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1,93E-08 6.39E-09 6.39E-09 | 2.10E-08 2.10E-08 | 6.75E-09 6.75E-09 1,80E-07 1.80E-07 | 8760 


7.13E-08 7.13E-08 1.57E-08 1.57E-08 1.93E-08 1.93E-08 6.39E-09 


1TAIL8 1,39E-05 1.35E-05 1.35E-05 1,95E-06 6.80E-07 6.80E-07 7.13E-08 6.39E-09 | 2.10E-08 | 2.10E-08 | 6.75E-09 6.75E-09 1.80E-07 1.80E-07 | 8760 
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Modeled Emission Rates (g/s) 


Toluene 


Source ID NOx PMas SO, Benzene E-Benzene Xylenes n-Hexane Formaldehyde Annual 
Hours 
1-hr Annual* 24-hr Annual* 1-hr 24-hr Annualt 1-hr Annual? 1-hr Annual* 1-hr Annual? 1-hr Annual? 1-hr Annual? 1-hr Annual* 

1TAIL9 =e 1.35E-05 1.35E-05 1.95E-06 6.80E-07 6.80E-07 7.13E-08 7,13E-08 7.13E-08 1.57E-08 t 1.57E-08 1.93E-08 1.93E-08 6.39E-09 6.39E-09 2.10E-08 2.10E-08 6.75E-09 6.75E-09 1.80E-07 1.80E-07 8760 
2TAIL1 1.33E-05 1.29E-05 1.29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6,81E-08 6.81E-08 1.50E-08 1.50E-08 1.85E-08 1.85E-08 6.11E-09 6.11E-09 2.01E-08 2.01E-08 6.45E-09 6.45E-09 1.72E-07 1.72E-07 8760 
2TAIL2 1.33E-05 1.29E-05 1.29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6.81E-08 6.81E-08 1.50E-08 1,50E-08 1.85E-08 1.85E-08 6,11E-09 6.11E-09 2.01E-08 2.01E-08 6.45E-09 6.45E-09 1.72E-07 1.72E-07 8760 
2TAIL3 1,33E-05 1,.29E-05 1.29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6.81E-08 6.81E-08 1.50E-08 1.50E-08 1.85E-08 1.85E-08 6.11E-09 6,11E-09 2.01E-08 2.01E-08 6.45E-09 6.45E-09 1.72E-07 1,72E-07 8760 
2TAIL4 1.33E-05 1.29E-05 1.29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6.81E-08 6.81E-08 1,50E-08 1.50E-08 1.85E-08 1.85E-08 6.11E-09 6.11E-09 2.01E-08 2.01E-08 6.45E-09 6.45E-09 1.72E-07 1,.72E-07 8760 
2TAILS _|_1.33€-05 1.29E-05 1.29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6.81E-08 6.81E-08 1.50E-08 1.50E-08 1.85E-08 1.85E-08 6,11E-09 6.11E-09 2.01E-08 2,01E-08 6.45E-09 6.45E-09 1.72E-07 1.72E-07 8760 
2TAIL6 1.33E-05 1.29E-05 1,29E-05 1.87E-06 6.49E-07 6.49E-07 6.81E-08 6.81E-08 6.81E-08 1.50E-08 1.50E-08 1.85E-08 1.85E-08 6.11E-09 6.11E-09 2.01E-08 2.01E-08 6.45E-09 6.45E-09 1.72E-07 1.72E-07 8760 
3TAIL1 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.31E-08 5.31E-08 5.31E-08 1.08E-08 t 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1,23E-07 1.23E-07 8760 
3TAIL2 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.31E-08 5.31E-08 5.31E-08 1.08E-08 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1,45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
3TAIL3 9.69E-06 9.79E-06 9,79E-06 1.29E-06 4.64E-07 4.64E-07 5.31E-08 5.31E-08 5.31E-08 1.08E-08 1,08E-08 1,34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
3TAIL4 9.69E-06 9.79E-06 9,79E-06 1.29E-06 4.64E-07 4.64E-07 5.31E-08 5.31E-08 5.31E-08 1.08E-08 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
3TAILS 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.31E-08 5.31E-08 5.31E-08 1,08E-08 1.08E-08 1.34E-08 1.34E-08 4,43E-09 4,43E-09 1.45E-08 1.45E-08 4,77E-09 4.77E-09 1,23E-07 1.23E-07 8760 
3TAIL6 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4,64E-07 5.31E-08 5.31E-08 5.31E-08 1.08E-08 sen 1.34E-08 1,34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1,.23E-07 8760 
3TAIL7 8.17E-06 7.94E-06 7.94E-06 1.03E-06 3.76E-07 3.76E-07 4.24E-08 4.24E-08 4.24E-08 9.00E-09 9.00E-09 1.09E-08 1.09E-08 3.65E-09 3.65E-09 1.18E-08 1,18E-08 3.88E-09 F 3.88E-09 1.02E-07 1.02E-07 8760 

[se L1 9,69E-06 9,79E-06 9,79E-06 1.29E-06 4.64E-07 4.64E-07 5.13E-08 5.31E-08 5.31E-08 1.08E-08 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4,43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1,23E-07 8760 
STAIL2 9.69E-06 9.79E-06 9,79E-06 1,29E-06 4.64E-07 4.64E-07 5.13E-08 5.31E-08 5.31E-08 1.08E-08 1,08E-08 1.34E-08 1.34E-08 4.43E-09 4,43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
STAIL3 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.13E-08 5.31E-08 5.31E-08 1.08E-08 1,08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
STAIL4 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.13E-08 5,31E-08 5.31E-08 1.08E-08 _|_ 1.08E-08 1.34E-08 1,34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 a 
STA 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 {| 4.64E-07 5.13E-08 5.31E-08 5,.31E-08 1.08E-08 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
STAIL6 9.69E-06 9.79E-06 9.79E-06 1.29E-06 4.64E-07 4.64E-07 5.13E-08 5.31E-08 5.31E-08 1.08E-08 1.08E-08 1.34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1.23E-07 1.23E-07 8760 
STAIL7 9.69E-06 9.79E-06 9,79E-06 1.29E-06 4.64E-07 4.64E-07 5.13E-08 5.31E-08 5.31E-08 1.08E-08 1.08E-08 1,34E-08 1.34E-08 4.43E-09 4.43E-09 1.45E-08 1.45E-08 4.77E-09 4.77E-09 1,23E-07 1.23E-07 8760 
WOCTAIL1 1.21E-05 1,17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1,36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1,56E-07 1.56E-07 8760 
WOCTAIL2 1,21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 SRASTEMOE) || SGU) 1,56E-07 1,56E-07 8760 
WOCTAIL3 1,21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 | 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1,68E-08 5.54E-09 5.54E-09 | 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 
WOCTAIL4 _|_ 1.21£-05 1.17E-05 1,.17E-05 1,69E-06 5.89E-07 | 5.89E-07 6.18E-08 6,18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1,.68E-08 5.54E-09 5.54E-09 | 1,.83E-08 1.83E-08 5.85E-09 5.85E-09 1,56E-07 1,56E-07 8760 
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Modeled Emission Rates (g/s) 


October 2022 


Ssurce 18 co NO, PMio PMs SO, Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde 

Le. 1-hr Annual* 24-hr 24-hr Annual? 1-hr 24-hr Annual! 1-hr Annual? 1-hr Annual! 1-hr Annual* 1-hr Annual? 1-hr Annual* 1-hr Annual? 

7 

WOCTAILS 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1,.56E-07 
WOCTAIL6 1.21€-05 1,17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1,36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1,83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 
WOCTAIL7 1.21E-05 1,17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 | 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL8 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 Er 1.36E-08 Bae 1.68E-08 1.68E-08 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1,.56E-07 
WOCTAILS 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1,56E-07 1.56E-07 8760 
WOCTAIL10 1.21£-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1,68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL11 1.21E-05 fees 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5,54E-09 5.54E-09 1.83E-08 1,83E-08 5,.85E-09 5.85E-09 1.56E-07 1.56E-07 
WOCTAIL12 1.21£-05 1.17E-05 1.17E-0S 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 mages 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 | 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL13 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1,36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1,83E-08 1.83E-08 5.85E-09 5.85E-09 1,56E-07 1.56E-07 8760 
WOCTAIL14 1.21E-05 1,.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL15 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1,68E-08 5.54E-09 5.54E-09 1.83E-08 1,83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL16 1.21E-05 1.17E-05 1,17E-05 1.69E-06 5.89E-07 sat 6.18E-08 6.18E-08 cuca | 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1,83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL17 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 eee 1.36E-08 1.36E-08 miler 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 i 1.56E-07 8760 
WOCTAIL18 1.21E-05 1.17E-05 1.17E-05 1,69E-06 5.89E-07 |_5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1,68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL19 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1,36E-08 1.36E-08 | 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 
WOCTAIL20 1.21E£-05 1.17E-05 1.17E-05 1,69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 cse.os | 1366.08 1.36E-08 1.68E-08 1.68E-08 5,54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 
WOCTAIL21 1.21E-05 1,.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL22 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 | 8760 
WOCTAIL23 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1,68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1,.56E-07 1.56E-07 8760 
WOCTAIL24 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL25 1,21E-05 | 1.17£-05 1.17E-05 1.69E-06 _|_5.89€-07 ee 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5,54E-09 5,.54E-09 1.83E-08 1.83E-08 5,.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL26 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1,83E-08 5.85E-09 | 5.85E-09 1.56E-07 1.56£-07 8760 
WOCTAIL27 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6,.18E-08 6.18E-08 1,36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 | 5.85E-09 | 5.85E-09 1.56E-07 1.56E-07 8760 =) 
WOCTAIL28 1.21E-05 1.17E-05 1.17E-05 —_ 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5,.54E-09 1.83E-08 1.83E-08 | 5.85£-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL29 1.21E-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6,.18E-08 6.18E-08 6.18E-08 1 uae 1.68E-08 1.68E-08 ae 5.54E-09 1,83E-08 [ 1.83E-08 Ps 5.85E-09 1,.56E-07 1.56E-07 | 8760 
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Modeled Emission Rates (2/s) 


source ID NOx PMio PM25 Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde Annual 
Hours 
1-hr Annual* 24-hr 24-hr Annual? 1-hr Annual* 1-hr Annual? 1-hr Annual* 1-hr Annual? 1-hr Annual? 1-hr Annual? 1-hr Annual* 
WOCTAIL30 1,21E-05 1.17E-05 1.17E-05 1.69E-06 Bi 5.89E-07 5.89E-07 6.18E-08 6,18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 esl 1.56E-07 8760 
WOCTAIL31 _|_1.21£-05 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6,.18E-08 6.18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL32 1.21E-05 + 1.17E-05 1.17E-05 1.69E-06 5.89E-07 5.89E-07 6.18E-08 6.18E-08 6,18E-08 1.36E-08 1.36E-08 1.68E-08 1.68E-08 5.54E-09 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 1.56E-07 8760 
WOCTAIL33 1.21E-05 1,17E-05 1,17E-05 1.69E-06 5,.89E-07 5,89E-07 |_6.18E-08 i 6.18E-08 | 1,36E-08 1,36E-08 1.68E-08 a SStEO2 5.54E-09 1.83E-08 1.83E-08 5.85E-09 5.85E-09 1.56E-07 ped sek os 8760 
AIRTAIL1 1.03E-05 1.04E-05 |_1.04E-05 1.37E-06 4.91E-07 4.91E-07 5.62E-08 5.62E-08 5.62E-08 1,15E-08 Ile 1.15E-08 1.42E-08 1,42E-08 4.69E-09 4.69E-09 IL 1.54E-08 1.54E-08 |__5.05€-09 5.05E-09 1.31E-07 1,31E-07 8760 
AIRTAIL2 all 1.03E-05 1.04E-05 1,04E-05 1,37E-06 4.91E-07 | 4.91E-07 5.62E-08 5.62E-08 5.62E-08 1,15E-08 1.15E-08 1,42E-08 1.42E-08 4,69E-09 4,69E-09 1,54E-08 1.54E-08 5.05E-09 5.05E-09 1.31E-07 1.31E-07 8760 
L AIRTAIL3 1.03E-05 1,04E-05 1.04E-05 1.37E-06 4.91E-07 4.91E-07 5.62E-08 5.62E-08 5.62E-08 1.15E-08 1.15E-08 1.42E-08 1,42E-08 4.69E-09 4.69E-09 1.54E-08 1.54E-08 5.05E-09 5:05E-09 | 1.31E-07 1.31E-07 8760 
AIRTAIL4 | 1.03E-05 ee 1.04E-05 1.37E-06 4.91E-07 4.91E-07 5.62E-08 5.62E-08 | 5.62E-08 1.15E-08 1.15E-08 | 1.42E-08 ee 4.69E-09 4,69E-09 1.54E-08 1,.54E-08 5.05E-09 5,05E-09 1.31E-07 1.31E-07 8760 
AIRTAILS 1.03E-05 1.04E-05 1.04E-05 1.37E-06 4.91E-07 4.91E-07 5.62E-08 5.62E-08 5.62E-08 1.15E-08 1,15E-08 1.42E-08 1.42E-08 4.69E-09 4.69E-09 2 1.54E-08 1,54E-08 5.05E-09 5.05E-09 1.31E-07 1.31E-07 8760 
AIRTAIL6 1.03E-05 1.04E-05 1.04E-05 1.37E-06 JES STEOY 4.91E-07 5.62E-08 5.62E-08 5.62E-08 1.15E-08 1.15E-08 1.42E-08 1.42E-08 4.69E-09 4.69E-09 1.54E-08 1.54E-08 5.05E-09 5.05E-09 1,31E-07 1.31E-07 8760 
AIRTAIL7 1.03E-05 1.04E-05 1.04E-05 1.37E-06 4.91E-07 4.91E-07 | 5.62E-08 — 5.62E-08 1.15E-08 1.15E-08 1.42E-08 1.42E-08 4.69E-09 eee 1,54E-08 1.54€-08 | 5.05E-09 5.05E-09 1.31£-07 1.31E-07 8760 
WCFTAIL1 1,51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2,.29E-08 7.33E-09 | 7.33E-09 1.95E-07 1.95E-07 8760 
WCFTAIL2 1.51E-05 1.47E-05 1,47E-05 2.12E-06 | 7.38E-07 7.38E-07 4 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 | 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 | 1.95E-07 1.95E-07 | 8760 
WCFTAIL3 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 |_7.75E-07 7.75E-07 1.71€-08 | 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1,95E-07 |__ 1.95E-07 8760 
WCFTAIL4 1,51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 | 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7,33E-09 1.95E-07 1.95E-07 8760 
WCFTAILS 1.51E-05 1.47E-05 1.47E-05 2,12E-06 |_7.38E-07 7.38E-07 | 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1,71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 4 1.95E-07 1.95E-07 8760 
WCFTAIL6 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71£-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 |__7.33E-09 7.33E-09 1,95E-07 | _ 1,95E-07 8760 
WCFTAIL7 =| 1,51E-05 1,47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1.95E-07 8760 
WCFTAIL8 1.51E-05 1.47E-05 aie 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71€-08 | 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1,95E-07 1.95E-07 8760 
WCFTAIL9 1.51£-05 | 1.47E-05 1,47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 nee 6.95E-09 2.29E-08 2.29E-08 7.33E-09 | 7.33E-09 1.95E-07 IL 1.95E-07 8760. 
WCFTAIL10 1,.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 eee 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 | 2.29E-08 | _2.29E-08 7.33E-09 7.33E-09 | 1.95E-07 1.95E-07 8760 
WCFTAIL11 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6,95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1,95E-07 1.95E-07 ‘eae | 
WCFTAIL12 | 1.51£-0S 1.47E-05 1.47E-05 2.12E-06 7.38E-07 Ue 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 | 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1.95E-07 8760 
WCFTAIL13 1.51E-05 1,47E-05 1,47E-05 2.12E-06 7,38E-07 7.38E-07 7.75E-07 7.75E-07 + 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 | 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1,95E-07 8760 
|_WCFTAIL14 1.51E£-05 1,47E-05 1,47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1,71E-08 1.71E-08 2.10E-08 2.10E-08 6,95E-09 | 6.95E-09 2.29E-08 2,29E-08 | 7.33E-09 7.33E-09 1.95E-07 1.95E-07 8760 
Final Supplemental Environmental Impact Statement Page 1-193 


ee - tae Zz “a —r's —_ — — ih. _ — —_— — . — — — —_— — _ — —_— —, —- — — — = 


Willow Master Development Plan 
Final Supplemental Air Quality Technical Support Document Attachment | October 2022 


Modeled Emission Rates (g/s) 


co NOx PMio PM25 SO, Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde Annual 


Source ID cies 


1-hr and 
8-hr 


Annual? 24-hr 24-hr Annual? 1-hr 24-hr Annual* 1-hr Annual? 1-hr Annual? 1-hr Annual* 1-hr Annual? 1-hr Annual! 1-hr Annual? 


WCFTAIL15 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.7SE-07 1.71£-08 1,71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1,95E-07 1,95E-07 | 8760 
WCFTAILI6 1.51£-05 1.47E-05 1.47E-05 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1.95E-07 | 8760 


8760 


WCFTAILI7 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1.95E-07 


WCFTAIL18 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1,95E-07 1.95E-07 | 8760 
WCFTAIL19 1.51E-05 1.47E-05 1.47E-05 2.12E-06 7.38E-07 7.38E-07 7.75E-07 7.75E-07 7.75E-07 1.71E-08 1.71E-08 2.10E-08 2.10E-08 6.95E-09 6.95E-09 2.29E-08 2.29E-08 7.33E-09 7.33E-09 1.95E-07 1.95E-07 | 8760 


AMFUGD1 0.00E+00 0,00E+00 0.00E+00 4.91E-03 4.79E-04 4,79E-04 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 


1MFUGD2 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.91E-03 4.79E-04 =I 4.79E-04 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 SOQEFOOEE Q.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


1IMFUGD3 0,00E+00 | 0.00E+00 | 0.00E+00 | 4.91E-03 4.79E-04 4.79E-04 0,00E+00 0.00E+00 | 0,00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | O.00E+00 | 4380 


0.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | O0.00E+00 | 4380 


1MFUGDS 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.91E-03 4.79E-04 4.79E-04 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | O.00E+00 | O.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


1MFUGD4 0.00E+00 0.00E+00 0.00E+00 4.91E-03 4.79E-04 4.79E-04 0.00E+00 0.00E+00 ee 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 


1MFUGD6 0.00E+00 0,00E+00 0.00E+00 4,91E-03 4.79E-04 4.79E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 | 4380 


1MFUGD7 0.00E+00 | 0.00E+00 0.00E+00 4.91E-03 4.79E-04 4.79E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | O.00E+00 | 4380 
——————- ———- — 
1MFUGD8 0,00E+00 0.00E+00 0.00E+00 4.91E-03 4.79E-04 4.79E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


1MFUGD9 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.91E-03 4.79E-04 4.79E-04 0.00E+00 | 0.00E+00 | 0.00E+00 0,00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | 0.00E+00 0,00E+00 | 0O.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
2MFUGD1 0.00E+00 | 0.00E+00 | 0.00E+00 4.69E-03 4.57E-04 4.57E-04 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | O.00E+00 | O.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 


2MFUGD2 0.00E+00 0.00E+00 0.00E+00 4.69E-03 4.57E-04 4,57E-04 0.00E+00 0.00E+00 0.00E+00 0,.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


ai 


2MFUGD3 0.00E+00 0.00E+00 0.00E+00 4.69E-03 4.57E-04 4.57E-04 4 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
2MFUGD4 0.00E+00 0.00E+00 0.00E+00 4.69E-03 4.57E-04 4.57E-04 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
2MFUGDS5 0.00E+00 0.00E+00 0.00E+00 4.69E-03 4.57E-04 4.57E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
2MFUGD6 0.00E+00 0.00E+00 0.00E+00 4.69E-03 | 4.57E-04 4.57E-04 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 


0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 


0,00E+00 0.00E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+00 


0.00E+00 0.00E+00 | 0O.00E+00 | 4380 


Levens 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 


3MFUGD2 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 


3MFUGD3 0.00E+00 0,00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0,00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 


0.00E+00 


3MFUGD4 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3,24E-04 0.00E+00 | 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 


3MFUGDS 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0,00E+00 | 0.00E+00 0.00E+00 | 0,00E+00 | 4380 
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Modeled Emission Rates (g/s) 


co NOx PMio PMas $0; Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde Annual 


Source ID Hours 


1-hr and 


Behr 1-hr Annual? 24-hr 24-hr Annual? 24-hr Annual* 1-hr Annual* -hr Annual? 1-hr Annual* 1-hr Annual? Annual* 1-hr Annual* 


3MFUGD6 0,00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
= 


3MFUGD7 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24€-04 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 | 4380 


SMFUGD1 OrOOELOOE 0.00E+00 0.00E+00 3.24E-03 3,.24E-04 3.24E-04 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 BOE 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
SMFUGD2 0,00E+00 0,00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 oes 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 GeaEneo) | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 
| 5MFUGD3 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 
SMFUGD4 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 | 0,00E+00 0.00E+00 | 0.00E+00 0,00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
SMFUGD5 = 0.00E+00 0.00E+00 0.00E+00 3,24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00_| 0.00E+00 BO OUEEOO 0,00E+00 0.00E+00. 0.00E+00 ZI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 
SMFUGD6 0.00E+00 0.00E+00 0,00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0,00E+00 { 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0,00E+00 0.00E+00 0.00E+00 = 0.00E+00 | 4380 
SMFUGD7 0.00E+00 0.00E+00 0.00E+00 3.24E-03 3.24E-04 3.24E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 ' 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 
WCFMFUGD1 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00 | 0.00E+00 i 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 JO: COEHO0 0.00E+00 0.00E+00 0.00E+00 | 0,00E+00 | 0.00E+00 0.00E+00 | 4380 


WCFMFUGD2 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 + 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


_| 4380 


WCFMFUGD3 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 } 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 


WCFMFUGD4 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00_| 0.00E+00 + 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


WCFMFUGDS 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00_ | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


WCFMFUGD6 0,00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00. 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00. IIE 0.00E+00 0.00E+00 | 4380 


WCFMFUGD7 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00_| 0.00E+00_ | 0.00E+00 | 0.00E+00 0,00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 


WCFMFUGD8 0.00E+00 0.00E+00 0.00E+00 5.34E-03 | 5.20E-04 5.20E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 UOGES COR 0.00E+00 0.00E+00 | 4380 _| 


WCFMFUGD9 0.00E+00 0.00E+00 0.00E+00 | 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 neue 0.00E+00 ee 
=i 


WCFMFUGD10 0.00E+00 0,00E+00 0.00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 | 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


WCFMFUGD11 0,00E+00 0.00E+00 0,00E+00 5.34E-03 5.20E-04 5.20E-04 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 | 9-008 +00 0.00E+00 0.00E+00 0.00E+00 | _0.00E+00 4380 


WCFMFUGD12 0.00E+00 0.00E+00 sl 5.34E-03 5.20E-04 5.20E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


0.00E+00 | 4380 


WCFMFUGD13 0.00E+00 0.00E+00 0,00E+00 5.34E-03 5.20E-04 5.20E-04 0,00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 


WCFMFUGD14 0.00E+00 0.00E+00 0.00E+00 5.34E-03 5,20E-04 5.20E-04 | 0.00E+00 | 0.00E+00 0,00E+00 0.00E+00 [epoeens 0.00E+00 ieee 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 


WCFMFUGD15 0.00E+00 0,00E+00 0.00E+00 4 534608 5.20E-04 5.20E-04 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


WCFMFUGD16 0.00E+00 0.00E+00 0,00E+00 5.34E-03 5.20E-04 5.20E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 | 4380 
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co NO, PM. 
Source ID sy = 
1-hrand 


1-hr Annual? 24-hr 24-hr 
8-hr 


PM25 


Annual? 


1-hr 


$0, 


24-hr 


Annual? 


Modeled Emission Rates (g/s) 


Benzene 


1-hr 


Annual? 


Toluene 


i-hr 


Annual! 


E-Benzene 


1-hr 


Annual* 


Xylenes 


1-hr 


Annual? 


n-Hexane 


1-hr 


Annual* 


October 2022 


Formaldehyde 


1-hr 


Annual? 


0.00E+00 | 0.00E+00 | 0.00E+00 | 5.34£-03 | 5.20E-04 | 5.20E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00&+00 rae 
0.00E+00 | 0.00E+00 | 0.00E+00 | 5.34E-03 | 5.20€-04 | 5.20E-04 | 0.00E+00 Boes0 | 0.00£+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 
0,00€+00 | 0.00E+00 | 5.34E-03 | 5.20E-04 | 5.20E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 
WOCMFUGD1__| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD2 _| 0.00E+00 | 0.00£+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD3 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00F+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD4 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15E-04 | 4.15E-04 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD5 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00.| 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD6 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15€-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
Sar Sa A 
WOCMFUGD7 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15E-04 een laeee 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGDS8 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD9 _| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00£+00 | 0.00€+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
Se are 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15£-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD12 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD13_| 0,00E+00 | 0.00E+00 | 0,00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD14 nooo | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0,00+00 | 0.00€+00 | 0.00E+00 | 4380 
WOCMFUGD15 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD16 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 4380 
WOCMFUGD17_| 0.00E+00_| 0.00E+00_| 0.00E+00 | 4.26E-03 | 4156-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 gona 
WOCMFUGD18 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 4380 
WOCMFUGD19 | 0.00E+00_| 0.00£+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD20 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15E-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD21 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26E-03 | 4.15€-04 | 4.15E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00€+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4380 
WOCMFUGD22_| 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.26£-03 | 4.15£-04 | 4.15E-04 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0,00E+00 | 0.00E+00 | 0.00E+00 | 4380 
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Modeled Emission Rates (g/s) 


co NOx PMio PMs SO; Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde Annual 
Hours 


Source ID 


1-hr and 


8-hr 1-hr Annual? 24-hr 24-hr Annual? 24-hr Annual* 1-hr Annualt a-hr Annual? 1-hr Annual? 1-hr Annual? 1-hr Annual? 1-hr Annual? 


WOCMFUGD23 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0,00E+00 0.00E+00 | 4380 


WOCMFUGD24 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


WOCMFUGD25 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 | 


WOCMFUGD26 0.00E+00 0.00E+00 0.00E+00 | 4.26E-03 4,15E-04 4,15E-04 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 | 0.00E+00 | 4380 


WOCMFUGD27 0.00E+00 0,00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 | 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Q.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 


WOCMFUGD28 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


WOCMFUGD29 0.00E+00 | 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 Ib 0.00E+00 0,00E+00 | 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


WOCMFUGD30 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4,15E-04 4.15E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0,00E+00 | 4380 


WOCMFUGD31 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 | 


WOCMFUGD32 0.00E+00 0.00E+00 0.00E+00 4.26E-03 4.15E-04 4.15E-04 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 { 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 | 4380 


WOCMFUGD33 0.00E+00 0.00E+00 0.00E+00 4,26E-03 4.15E-04 4.15E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 IL 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 4380 


AIRMFUGD1 0.00E+00 0.00E+00 0.00E+00 3.43E-03 3.43E-04 3.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
AIRMFUGD2 0.00E+00 0,00E+00 0.00E+00 3.43E-03 3.43E-04 3.43E-04 0.00E+00 0.00E+00 |_0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 Q.00E+00 | 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 | 4380 
AIRMFUGD3 0.00E+00 0,00E+00 0.00E+00 3.43E-03 3.43E-04 _| 3.43E-04 0.00E+00 0,00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 4380 


AIRMFUGD4 0,00E+00 0.00E+00 0.00E+00 | 3.43€-03 3.43E-04 3.43E-04 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 


AIRMFUGDS 0.00E+00 0.00E+00 0.00E+00 3.43E-03 3.43E-04 3.43E-04 0.00E+00 | Xoueisles 0) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
AIRMFUGD6 0.00E+00 0.00E+00 0.00E+00 3.43E-03 3.43E-04 3.43E-04 0.00E+00 0.00E+00 0.00E+00 |» 0.00E+00 | 0.00E+00 a ERO OOEE 00) 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 4380 
AIRMFUGD7 0.00E+00 ine | 0.00E+00 | 3.43E-03 3.43E-04 3.43E-04 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0,00E+00 0.00E+00 | 4380 
WOCTEMPTRB1 | 4.41£-01 4.35E-01 4.35E-01 5.04E-02 5.04E-02 5.04E-02 5.06E-02 5.06E-02 5.06E-02 9.17E-05 9.17E-05 9.93E-04 9.93E-04 2.45E-04 2,45E-04 4.89E-04 4.89E-04 0.00E+00 | 0.00E+00 1.68E-03 eG 8760 * 


WOCTEMPTRB2 | 4.41E-01 4.35E-01 4,.35E-01 5.04E-02 5.04E-02 5.04E-02 5.06E-02 5.06E-02 | _5.06E-02 9.17E-05 9.17E-05 9.93E-04 9.93E-04 2.45E-04 2.45E-04 | 4.89E-04 4.89E-04 0.00E+00 0.00E+00 1.68E-03 1.68E-03 | 8760 


RFDGMT1 3.50E-01 3.50E-01 2.69E+00 3.50E-01 3506-01 _| 1,29E-01 1.67E-01 1.67E-01 1.67E-01 8.87E-03 8.87E-03 3.32E-03 3.32E-03 1,29E-02 1.29E-02 1.51E-02 1.51E-02 6.49E-02 6.49E-02 | 3.69E-03 3.69E-03 | 8760 


RFDGMT2 4.06E+00 7.21£+00 7.34E-01 4.06E+00 6.44E-01 7.71E-02 1.40E-02 1.40E-02 6.33E-03 4.03E-04 4.03E-04 4.60E-04 4.60E-04 3.16E-04 3.16E-04 5.75E-04 5.75E-04 6.62E-03 6.62E-03 4,03E-04 4.03E-04 | 8760 


RFDGWPDS1 1.25E+01 4,.25E+00 4.25E+00 2.84E-01 2.84E-01 2.84E-01 3.87E-02 3.87E-02 3.87E-02 3.02E-03 3,02E-03 8.32E-03 8.32E-03 7.37E-02 7.37E-02 1.45E-01 eel 1.81E-01 1.81£-01 5.98E-05 5.98E-05 | 8760 


RFDGWPDS2 1.25E+01 4.25E+00 4.25E+00 2.84E-01 2.84E-01 2.84E-01 3.87E-02 3.87E-02 3,87E-02 3.02E-03 3.02E-03 8.32E-03 8.32E-03 7.37E-02 7.37E-02 1,45E-01 1.45E-01 1.81E-01 1.81E-01 5.98E-05 5.98E-05 | 8760 


RFDCD5S 1,82E+00 2.15E+00 2.15E+00 1.27E-01 1.27E-01 1,27E-01 2.70E-01 2.70E-01 2.70E-01 6.26£-02 6.26E-02 2.31E-02 2.31£-02 5.05E-02 5.05E-02 6.60E-02 6.60E-02 2.54E-01 | 2.54E-01 1.73E-02 1.73E-02 | 8760 
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Modeled Emission Rates (g/s) 


co PMio PMa5 $0; Benzene Toluene E-Benzene Xylenes n-Hexane Formaldehyde 
Source ID 


1-hr and 


Shr Annual? 24-hr 24-hr Annual! 24-hr Annual? 1-hr Annual? 1-hr Annual* 1-hr Annual* 1-hr Annual! i-hr Annual? 1-hr Annual? 


RFDACF 7.07E+00 4.74E+01 3.90E+00 5.69E-01 S.69E-01 4.68E-02 1.77E+01 1.77E+01 1.45E+00 8.51E-05 8.51E-05 9.22E-04 9.22E-04 2.27E-04 2.27E-04 4.54E-04 4.54E-04 0.00E+00 0.00E+00 5.04E-03 5.04E-03 


RFDCD8 1.30£+00 1.56E+00 1.28E-01 1,78E-01 1,06E-01 8.70E-03 5.25E-02 5.25E-02 4.32E-03 1.62E-03 1,62E-03 4.65E-03 4.65E-03 4.11E-02 4.11E-02 8.10E-02 8.10E-02 1.02E-01 1.02E-01 6.43E-05 6.43E-05 | 


1.30E-01 1.56E-01 1,28E-02 1.78E-02 1,06E-02 8.70E-04 5.25E-03 5.25E-03 4.32E-04 1.62E-04 1.62E-04 4.65E-04 4.65E-04 4.11E-03 4.11E-03 8.10E-03 8.10E-03 1,02E-02 1.02E-02 6.43E-06 6.43E-06 


RFDCD1EXP 9.33E-01 6.65E-01 5.47E-02 4.97E-02 4,73E-02 3.89E-03 2.94E-03 2.94E-03 2.42E-04 3.59E-05 3.59E-05 


1.82E-05 1.82E-05 4,94E-08 4.94E-08 9,31E-06 9.31E-06 0.00E+00 | 0.00E+00 5.67E-05 5.67E-05 | 8760 


RFDCD4EXP ieee 1.96E+00 1.61£-01 1.63E-01 Es lasers 2.97E-02 2.97E-02 eee | aed Ce 2.71E-03 2.71E-03 8.42E-05 8.42E-05 3.90E-02 3.90E-02 sence eee ee | 3.73E-03 | 8760 


1. Annual emission rate calculations are based on the number of actual daily operating hours provided in the El. If actual daily operating hour timeframes were not known, 8760 hours were assumed. 
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Non-GHG Air Quality and Public Health Analysis 
of Downstream Combustion of Willow Oil* 


January 2023 
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1.0 PURPOSE AND OVERVIEW 


BLM requested a qualitative non-greenhouse gas (GHG) analysis of the air quality and public health impacts of 
the downstream combustion of Willow oil for inclusion in the Willow Master Development Plan Final 
Supplemental Environmental Impact Statement (SEIS). The public health impacts of GHG emissions from the 
Willow Project are accounted for in the social cost of GHG estimates provided in the SEIS. 


2.0 TECHNICAL APPROACH 


Combustion of products refined from Willow oil would lead to emissions of criteria and hazardous air pollutants 
which would impact air quality and public health. Recognizing that there are numerous uncertainties and 
limitations in any such assessment, a qualitative assessment of air quality and public health impacts from 
downstream combustion of Willow oil has been conducted. 


First, we discuss the pathway of Willow oil including the uncertainties in such information. The types of refined 
products likely derived from Willow oil are determined using the five year national average (2017-2021) of 
refinery and blender outputs from the U.S. Energy Information Administration (EIA) (EIA 2022a). These include 
products such as motor gasoline, distillate fuel oil, jet fuel, petroleum coke, asphalt oil, and lubricants. The 
combustion of these products by a variety sources, such as on-road and off-road vehicles and stationary sources, 
results in emissions of criteria and hazardous pollutants, including nitrogen oxides (NOx), sulfur dioxide (SO2), 
carbon monoxide (CO), particulate matter with an aerodynamic diameter of 2.5 microns (um) or less (PM25), 
particulate matter with an aerodynamic diameter of 10 um or less (PMo), lead (Pb), benzene, 1,3-butadiene, 
formaldehyde (HCHO) and other volatile organic compounds (VOCs). As the final destination of the petroleum 
products is uncertain and impacts of air quality are typically local/regional, we qualitatively discuss how 
downstream combustion of petroleum products would affect local and regional air quality, such as impacts to 
ambient concentrations of ozone, PM2s, PMio, sulfur dioxide, and nitrogen dioxide. Air quality impacts from non- 
combustion end uses of Willow oil are included in this study. A comparison between alternatives is also 
presented. 


From an air quality perspective, some of the most concerning pollutants resulting from downstream oil 
combustion are ozone (O03), PM2.s, PMio, SO2, and nitrogen dioxide (NO2), which are each discussed below. 
Ammonia (NH3) and VOCs are also included in this report since they are emitted from combustion processes and 
serve as precursors to ozone and PM formation. The focus of the public health assessment is on 03, NOx, SO>, 
PMho-2.5', PMs, benzene, 1,3-butadiene, n-hexane, and formaldehyde as these could have either high exposure or 
high toxicity. 


3.0 WILLOW OIL PATHWAY 


An overview of Willow oil transport within Alaska is described in SEIS Section 2.5, Project Components 
Common to All Action Alternatives. Briefly, sales-quality crude oil would be transported via the Willow Pipeline 
from the on-site Willow Processing Facility to the Alpine Sales Pipeline. From here, it would be transported to the 
Kuparuk Pipeline and then to the Trans-Alaska Pipeline System (TAPS) near Deadhorse, AK. TAPS would 
transport the oil from the North Slope to the Valdez Marine Terminal on the southern coast of Alaska. Bulk oil 
tankers would then transport it to refineries. Historically, nearly 80% of the oil produced in Alaska was 
transported to refineries in California and Washington, 15% was refined within Alaska, and the remaining 5% 
was shipped to Hawaii or exported to international destinations (EIA 2022b). However, there is considerable 
uncertainty in the exact final destinations of Willow oil. Prior to transport, crude oil would be minimally 
processed on site to remove debris (e.g., sand), gases, and water. Any gas produced as a result of Willow project 
activity would be either beneficially used onsite or reinjected into the well and is already accounted for in the 
direct emission analysis for the Project (SEIS Section 3.3.2.2, Environmental Consequences, Air Emissions 
Inventory). 


" PMio25 is the coarse fraction of PMio, i.e., PMio minus PM) ; 
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4.0 REFINED PRODUCTS 


Because the final destination and end use of Willow oil is uncertain, national average data is used to determine the 
types of refined products potentially derived from Willow oil. The U.S. Energy Information Administration (EIA) 
reports the percent yield of individual petroleum products from U.S. refineries on a yearly basis. As mentioned 
above, the majority of crude oil produced in Alaska is transported to refineries within the U.S., so domestic 
averages provide a reasonable basis for this analysis. 


Motor gasoline is the primary petroleum product manufactured in U.S. refineries, contributing an average of 
46.7% of the total yield over the five year period from 2017-2021 (EIA 2022a). Distillate fuel oil and kerosene- 
type jet fuel follow in production, contributing 30.0% and 9.2% of the yield during that period, respectively. 
Together, these three products made up nearly 86% of total U.S. refinery output. The remaining 14% consists of 
several additional products which are listed in Table E.3.C-1 (EIA 2022a). 


Some refinery products, such as lubricants and asphalt and road oil, are not combusted and their impacts are 
therefore not included in this study. Combustible petroleum products can be burned by a variety of sources 
including on-road and off-road vehicles and stationary sources. 


Petroleum Product = 


product yield from U.S. refineries 
RATT Refinery Yield (%) 2017-2021 Average 


Finished motor gasoline 46.7 
Distillate fuel o11 30.0 
Kerosene-type jet fuel V2 
Petroleum coke [zi 
ea gas 4.0 
Hydrocarbon gas liquids Soll 
Asphalt and road oil 2.0 
Residential fuel oil 2.0 
Naphtha for petrochemical feedstock use ihe 


ena 
Other oils for petrochemical feedstock use 


Miscellaneous products 


Special naphthas 


Finished aviation gasoline 


Kerosene 
Waxes 0.0 


Source: EIA 2022a 
Note: The individual products do not sum to 100 percent due to refinery processing gain, which is due to crude oil having a higher specific 
gravity than the finished products. 


5.0 EMISSIONS FROM PRODUCT COMBUSTION 


The focus of this study is on emission of criteria and hazardous air pollutants. The six main criteria air pollutants 
relevant to emissions from petroleum product combustion are CO, NOx, PMo2.s, PMio, SO2, and Pb. O3 is also a 
criteria air pollutant but is not directly emitted. Based on the U.S. EPA’s 2017 National Emissions Inventory 
(NEI) (EPA 2017), petroleum product combustion in the U.S. annually emits 3.07 x 107 tons of CO, 6.31 x 10° 
tons of NOx, 4.23 x 10° tons of PMio, 2.85 x 10° tons of PM2s, 3.04 x 10° tons of SO2, and 4.85 x 10? tons of Pb. 
Emissions from individual products and sources are listed in Table E.3.C-2 and described further in the sections 
below. 


NH; and VOCs are not defined as criteria air pollutants by the EPA but instead are precursors to secondary PM 
and O3. Petroleum product combustion emits 1.06 x 10° tons of NH3 and 2.90 x 10° tons of VOCs. Many VOCs 
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are also defined as hazardous air pollutants (HAPs), which are compounds that can cause cancer or other severe 
health problems. 187 individual HAPs are included in the EPA NEI. Due to the large number of these pollutants, 
this study focuses on those most relevant to petroleum product combustion that have greatest potential to impact 
air quality and human health, including 1,3-butadiene, benzene, HCHO, and hexane. Annual emission rates for 
NH, total VOCs, and these individual HAPs are provided in Table E.3.C-3. 


Table E.3.C-2. Total U.S. annual petroleum product combustion emissions of criteria air pollutant by 
percentage from source sector groups 

Petroleum product and source 16; 6) NO, PMho SO2 Pb 

sector | 


PM25 


Gasoline: On-road light duty 58.83% 29.91% 32.50% 17.43% 
Gasoline: On-road heavy duty 2.02% 0.98% 0.88% 0.48% 0.15% 
Gasoline: Off-road mobile 32.79% 3.05% 9.55% 12.86% 0.33% 


Fuel oil: On-road heavy duty 1.48% 22.18% 21.26% 


Fuel oil: Off-road mobile 1.29% 
Fuel oil: Railroad 


Fuel oil: Commercial marine 0.32% 
vessels 
: i 0.05% 


i 
3 
Fuel oil: Commercial/ ; 
Institutional 
Fuel oil: Electric generation 0.03% 0.87% 1.24% : 
Fuel oil: Industrial 0.09% 1.44% 1.69% 
Fuel oil: Residential 0.03% 0.53% 0.91% 1.18% 3.79% 0.42% 
Jet and aircraft fuel 1.53% 2.03% DIM 2.93% 5.33% 96.32% 
combustion emissions (tons/year 


Total petroleum product BrO] x OmeeieG-o lexek Ole WA 23 xe1 Oli) 85 x00? 13.04% 10°" 1 94:85 x 107 
Source: EPA 2017 


Note: Total emissions (in tons/year) are calculated as a sum of emissions in the categories. 


Fuel oil: On-road light duty 2.33% 1.97% 0.13% 


Table E.3.C-3. Total U.S. annual petroleum product combustion emissions (by percentage from source 
sector groups 
Petroleum product and source sector ~ NH 


Total VOC = 1,3-buta Benzene HCHO 


diene 


Gasoline: On-road light duty 85.12% 52.01% 51.02% 53.52% 18.32% 69.19% 
Gasoline: On-road heavy duty 1.29% 1.03% 0.74% 1.08% 0.55% 1.43% 


Hexane 


Gasoline: Off-road mobile 0.70% 34.79% 35.9370 34.42% 9.90% 27.98% 
Fuel oil: On-road light duty 1.33% 1.34% 0.90% 0.44% 5.10% 0.16% 


Fuel oil: On-road heavy duty 7.00% 3.44% 2.06% 1.22% 16.08% 
Fuel oil: Off-road mobile 1.10% 2.62% 1.18% 3.84% 28.40% 


Fuel oil: Railroad 0.34% 0.98% 0.41% 0.81% 8.73% 


Fuel oil: Commercial/ Institutional 0.23% 0.0% 


Total petroleum product combustion UG xaLO ale). 9) x1 OS aI81 9 x109. 59:26 x Ot 60 rel 5:22 %.104 
emissions (tons/year 


Source: EPA 2017 
Note: Total emissions (in tons/year) are calculated as a sum of other categories 


0.19% 
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5.1 Mobile Sources 


5.1.1 Motor Gasoline 

Motor gasoline is the most used petroleum product in the U.S. Gasoline is primarily used in the transportation 
sector and is dominated by light-duty vehicles (e.g., cars, sport utility vehicles, small trucks), which make up 91% 
of total gasoline use (EIA 2022c). Additional uses include recreational vehicles and boats, small aircraft, 
equipment and tools used in various industries (e.g., construction, farming, forestry), and portable electricity 
generators. Combustion of motor gasoline emits both criteria and hazardous pollutants. 


Criteria and hazardous air pollutant emissions from on-road light and heavy-duty vehicles and off-road sources 
are listed in Table E.3.C-2 and Table E.3.C-3. Off-road emissions include vehicles and equipment used in the 
following categories: airport services, construction, farm, industrial, lawn and garden, light commercial, logging, 
railway maintenance, recreational, and recreational marine vessels (EPA 2017). CO, NH3, VOCs, 1,3-butadiene, 
benzene, and hexane have their highest petroleum product emissions from motor gasoline. For all pollutants in 
Table E.3.C-2 and Table E.3.C-3 (except Pb), emissions from light duty vehicles dominate the motor gasoline 
emissions. 


5.1.2 Distillate Fuel Oil 

Distillate fuel oil, which includes diesel fuel and heating oil, is the second most used petroleum product in the 
U.S. Approximately 77% of diesel fuel is used in the transportation sector in freight and delivery trucks, trains, 
buses, boats, electricity generators, and farm, construction, and miliary vehicles and equipment. Some cars and 
light trucks also have diesel engines. 


Criteria and hazardous air pollutant emissions from various sources are listed in Table E.3.C-2 and Table E.3.C-3. 
NOx, PMio0, PM2.s, SO2, and HCHO have their highest petroleum product emissions from distillate fuel oil. For all 
criteria pollutants except PM2.s, SO2, and Pb, on-road heavy duty vehicles have the largest diesel fuel emission 
rates. PM>.s emissions from off-road mobile equipment are slightly higher but comparable to on-road heavy duty 
vehicles. More than 95% of the SO2 mobile distillate fuel oil emissions are from commercial marine vessels. NH3, 
total VOC, 1,3-butadiene, and hexane emissions are primarily from on-road heavy duty vehicles, and benzene and 
HCHO emissions are mostly from off-road equipment sources. 


5.1.3 Kerosene-type Jet Fuel 
Jet fuel is used in commercial, private, and military aircraft. Combustion of jet fuel provides the main source of 


Pb emissions, contributing 96% of total Pb petroleum product emissions. For all other pollutants in Table E.3.C-2 
and Table E.3.C-3, jet fuel makes up less than 10% of the total petroleum product emissions. 


5.2 Stationary Sources 

Stationary source emissions are predominantly from distillate fuel combustion used for commercial and 
residential heating, industrial boilers, and power plant electricity generation (EIA 2022d). Emissions of all 
pollutants discussed in this report are dominated by mobile sources. With the exception of SO, stationary sources 
make up 0 to 6% of the total emissions from petroleum product combustion. 25% of SO2 emissions are from 
stationary sources, primarily from electric generation. Of the emissions from stationary source, hexane emissions 
are the highest from electric generation, while industrial combustion sources have the highest emissions of all 
other air pollutants assessed here. 


6.0 AIR QUALITY IMPACTS 


The EPA has set National Ambient Air Quality Standards (NAAQS) for the six criteria air pollutants (i.e., CO, 
NOx, PM, SO2, Pb, and O3) under the Clean Air Act. In particular, primary standards are intended to protect 
public health. Ambient air concentration data for each pollutant is used to determine if a geographic area is in 
compliance with the standards. Regions in exceedance are classified as nonattainment areas and must enact plans 
to achieve attainment. 


Since combustion of all petroleum products emit criteria and hazardous air pollutant emissions, local ambient 
concentrations of these pollutants would likely increase in areas where products from Willow oil are combusted. 
This may contribute to an area exceeding either national or local air quality standards. Air quality involves 
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complex physical and chemical transformations at a local/regional level, so impacts would vary considerably 
depending on background concentrations, meteorology, and other local pollutant sources. If any pollutant 
concentration is near or above its standard in a particular area, the combustion of oil products may contribute to or 
exacerbate nonattainment. Potential pollutant concentration change resulting from combustion is therefore often a 
key driver of public policy to mitigate air quality and public health impacts in such areas. 


Because the majority of refined petroleum products are combusted in mobile sources, the impacts of criteria and 
hazardous air pollutant emissions from combustion would likely be greatest in areas with heavy vehicle usage and 
high roadway density (Henneman 2021). Motor gasoline is the dominant product from crude oil and is used 
predominantly in densely populated urban centers. Transportation corridors, such as railroads, diesel truck routes, 
and marine ports, are also expected to see a greater influence from petroleum product combustion than other 
remote or rural areas. Downstream combustion of oil would therefore likely have the greatest overall impact in 
these areas. Emissions vary from vehicle to vehicle, however, and are not constant over the entire drive cycle 
(Wallingford 2022), and so the impact of emissions from downstream combustion of Willow oil on local air 
quality would depend on the specific vehicle fleet in use, driving and traffic patterns, and existing local/regional 
air quality. 


6.1 Ozone Pollution 

Both NO, and VOCs are emitted by petroleum product combustion so downstream oil use would potentially 
increase O3 concentrations. The magnitude of any O3 change due to combustion is subject to background NOx and 
VOC concentrations (and whether a region has limited NOx or VOC), their local sources, and other local 
conditions, which would cause considerable variation from region to region. Ground-level O3 has potential 
respiratory health impacts and environmental impacts (i.e., vegetation damage). Increased O3 concentrations that 
result from NOx and VOC emissions may cause exceedances of air quality standards which can aggravate these 
health and environmental effects. 


The levels of O3 are historically highest in summer months and afternoons due to increased sunlight. Local 
meteorology and weather (i.e., temperature, relative humidity, wind speed) play a significant role in O3 
concentrations, with warm dry weather favoring O3 formation (EPA 2022b). Petroleum product combustion 
occurring in warmer months would therefore cause a larger impact on O3 concentrations. 


Formation of O3 requires time, resulting in the highest levels typically observed downwind of NOx and VOC 
emission sources. Wind patterns would therefore play a large role in where the peak O3 formation occurs relative 
to the emission sources. Petroleum products burned in stationary point sources, for example distillate fuel used in 
power plants, would likely cause increases in O3 downwind of the source. Most petroleum products are burned in 
mobile sources however which are dispersed over a larger area, causing broader regional changes to O; levels. 
Once formed, O3 can also be transported based on weather and wind patterns. 


Light duty motor vehicles are the largest source of NOx and VOC emissions from petroleum product combustion. 
This, in addition to motor gasoline being the dominant product from crude oil, indicates that ambient levels of 
NO, and VOCs would be most impacted in regions with high vehicle use such as densely populated urban centers. 
Throughout much of the U.S., the mobile sector provides the greatest source of precursor NO, that leads to O3 
formation (Foley 2015). O3 levels would consequently see the largest increases in these regions (especially if the 
regions are NOx-limited to begin with), particularly in areas with high levels of direct sunlight. 


6.2 Particle Pollution 

Particles (both PMio and PM2s) are emitted directly from combustion processes (primary) and are formed 
chemically in the atmosphere (secondary). Precursors for secondary particle formation include SO2, NOx, NHs3, 
and VOCs which can be oxidized by hydroxy] radicals (OH) or O3 (EPA 2022b). VOCs emitted in diesel exhaust 
are particularly efficient at producing particles (Srivastava 2022). 


Both PMjo and PM2:s are directly emitted from petroleum product combustion. In the U.S., light-duty gasoline 
powered vehicles have the highest annual PMjo petroleum product emissions (32% of total) and off-road diesel 
fuel mobile sources have the highest PM2.s petroleum product emissions (21% of total) (Table E.3.C-2). The 
influence of direct emissions on ambient concentrations of PMjo would therefore be greatest in areas with high on- 
road vehicle use, for example in cities and along roadways. PM2s concentrations would be most impacted by 
direct emissions where off-road diesel vehicles and equipment are used, for example at construction sites or where 
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recreational vehicles are driven. Direct PM>25 emissions from on-road heavy duty diesel vehicles and on-road light 
duty gasoline vehicles are comparable to off-road diesel emissions, so cities and transportation corridors would 
also see increased PM) s concentrations as a result of combustion. Compared to most gaseous pollutants, particles 
are deposited more quickly and have a shorter atmospheric lifetime. The greatest impact on ambient 
concentrations would therefore likely occur close to emission sources. 


Emissions of SOx, NOx, NH3, and VOCs from petroleum product combustion can contribute to secondary PM 
formation. The relatively high emissions from mobile sources would likely lead to the greatest impacts on 
secondary PM levels in regions with high vehicle use. NOx, NH3, and VOCs in particular have their highest 
petroleum product combustion emissions in the U.S. from on-road light duty vehicles. SO> is also emitted from 
on-road vehicles but its largest petroleum product emission is from commercial marine vessels. Influence of SO» 
emissions on concentrations of secondary particles would therefore likely be greatest along shipping routes. 
Electric generation using distillate fuel is the second most important source of SO2 emissions. PM formation 
downwind of power plants will also likely be impacted by petroleum product combustion. 


Differences in emissions of these precursor species from region to region would cause the chemical makeup of 
particles to differ across the country. Seasonal changes in fuel use would also contribute to PM composition and 
concentration variations. SO) emissions from power plants are particularly variable throughout the year due to 
electricity demands for residential and commercial heating and cooling purposes (EPA 2022b). 


6.3 NOx and SO: 


The impact of NOx on O3 and secondary particle formation is discussed above but NO, itself is a criteria pollutant 
regulated by the EPA. Direct emissions of NOx from petroleum product combustion would increase ambient 
levels and may cause exceedances of national or local standards. The impacts would likely be greatest near the 
emission source. In the U.S., annual NO, emissions are greatest from light duty motor gasoline vehicles (Table 
E.3.C-2) so the greatest risk of exceedance would likely be in regions with high vehicle use such as in densely 
populated urban centers. 


Similarly, the influence of SO: on particle formation is discussed above but it is also a criteria pollutant. 
Commercial marine vessels dominate SO2 emissions and would consequently lead to the greatest increases in 
ambient SO> levels along commercial shipping routes. Electricity generation using distillate fuel also emits SO2 so 
concentrations would also likely increase near these stationary power plant locations. 


6.4 Hazardous Air Pollutants 

The downstream combustion of Willow oil may result in localized increases in ambient air concentrations of 
HAPs such as benzene, 1,3-butadiene, n-hexane, and formaldehyde. These increases may be larger in areas that 
do not benefit from reductions in other combustion emissions. Potential health impacts of these HAPs are 
discussed in the section on downstream public health impacts. 


7.0 ENVIRONMENTAL JUSTICE 


A literature review was conducted to evaluate potential impacts to disproportionately impacted communities 
associated with the transport, refinement, and use of oil such as that produced by the Willow Project. The criteria 
used to identify relevant articles included: 

e Geographic scope of the United States 

e The emission source type (transportation, refineries, petrochemical processing, and jet fuel) 

e Inclusion of environmental justice (1.e., disparate impacts) 


Articles that conducted a case study or had scope so narrow that results were not applicable to other regions were 
not included. The availability of relevant and scientifically sound articles varied based on the applicable emission 
source type. In general, articles evaluating mobile sources were plentiful while articles related to refineries, 
petrochemical processing, and jet fuel consumption were scarce. Three key categories, mobile sources, airports 
and seaports, and refineries, are discussed below. 
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7.1 Mobile Sources 


Considerable research has been conducted towards understanding the health implications of air pollutants. Due to 
rapid development and urbanization, vehicle emissions have quickly become a leading source of air pollution 
(Houston 2016). Growing evidence supports that individuals that live near high volume roadways are exposed to 
elevated concentrations of HAPs and their associated health implications (Houston 2016). Expanding research 
demonstrates the intricacies of environmental disparities associated with exposure gradients and socioeconomic 
factors. As such, the following articles were selected to discuss the size and distribution and socio-economic 
makeup of communities that live along high volume roadways, and the exposure risk paired with associated 
health implications. 


A study conducted by Rowangould (2013) evaluated the size, distribution, and characteristics of communities 
living within 500 meters (1,640 feet) to high volume roadways across the nation. High volume roadways were 
defined as having an average annual daily traffic (AADT) rate greater than 25,000. Their analysis of highway 
networks, traffic density, and census block data uncover patterns of exposure disparities of vehicular sourced air 
pollutants across socioeconomic and racial groups. Their findings reveal that 59.5 million people, or 
approximately 19% of the US population, live within proximity to high volume roads. Approximately one quarter 
(27.4%) of the people living in proximity to high volume roads identify as non-white, of those people that identify 
as non-white 23.7% identify as Black and 29.4% identify as Latino. The average median household income of 
these census blocks was found to be $1,221 less than the average US household of $46,525. These statistical 
trends support corresponding literature that demonstrate that minority and low-income households are more likely 
to live near high volume roads. Though it was observed that 84% of counties show some level of disparity, 
Rowangould noted that the aggregated values temper the severity of disparities in some cities and states with 
higher density cities and vehicle traffic. For example, the national average of individuals living near high volume 
roadways is 19.3% as compared to California's at 40%. 


A corresponding study by Houston (2016) analyzes the unequal burden of disadvantaged neighborhoods exposure 
to hazardous mobile pollutants. They discuss societally embedded practices that have systematically segregated 
racial and economic classes in Southern California. Environmental justice research suggests that historic societal 
discrimination and exclusionary zoning practices have been the driving factor that has sidelined disadvantaged 
communities to live in areas with elevated concentrations of pollutants. Their findings identified that high-poverty 
rate communities have twice the traffic density compared to communities with lower poverty rates and minority 
communities have 2.5 times the traffic density than communities with a lower fraction of minorities. In Southern 
California, it was observed that on-road emissions were the sources for 76% of CO, 45% of VOC, and 63% of 
NOx. In general, researchers have found that disparities among traffic distribution such as with these are 
associated with higher risk of health effects that corelate with vehicle related pollutants. 


7.2 Airports and Seaports 

The multifaceted processes involved in the movement of goods have been known to release hazardous air 
pollutants in the surrounding environment such as benzene, toluene, black carbon, ultrafine particulate matter, and 
chlorinated compounds (Bendtsen, 2021; Houston, 2008). Bendtsen (2021) conducted a literature review of the 
available scientific research regarding the health effects of airport emissions. Their study encompassed a broad 
scope of diverse emission sources across all airport activities, from combustion of several types of jet engine fuel 
emissions to general occupational exposures. Their discussions are often centered around the production and 
distribution of ultrafine particles as they are commonly a major contributor to the exposure pathway of these 
harmful air toxins. Ultrafine particles (UFP) are a subclass of particulate matters characterized by having an 
aerodynamic diameter less than 100 nanometers. Due to their size, UFPs can penetrate deeply within the 
respiratory system of exposed individuals and cause long-lasting health problems (EPA, 2022). Studies have 
found the tendency to find notable concentrations of toxic substances such as lead, sulfates, and metals on the 
particle surface (Miranda, 2011). Applicable conclusions from Bendtsen's analysis were that aircraft emissions are 
dominated by UFPs less than 20 nanometers, the physio-chemical composition of aircraft emissions contain 
similar values for components (such as black carbon, hydrocarbons, and metals) to that of diesel exhaust and the 
highest concentrations of these contaminants have been measured downwind from aircraft runways. 


Houston's (2008) research identified the limitations of prior analysis of seaport related diesel emissions and 
discusses associated environmental justice concerns. The research notes that studies have often used inefficient 
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source data that generalizes and often misrepresents traffic volumes of heavy duty diesel trucks on residential 
streets to and from the major port operations. Due to the levels of toxic air contaminants that are known to be 
emitted from these vehicles, the elevated traffic in these freight corridors have raised concerns for the adjacent 
communities. For example at one port in California, the socioeconomic composition of these communities are 
majority minority with 65% of the residents identifying as Hispanic and 8% non-Hispanic white. Additionally, 
29% of the residents had incomes below the federal poverty level with 52% of the population having less than a 
high school education versus 18% and 30% for the county as a whole. Their findings have identified sustained 
levels of HDDT traffic levels averaging around 400 to 600 trucks per hour throughout the day and often directly 
adjacent to sensitive populations such as school children. 


7.3 Oil Refineries 


HAPs such as benzene, toluene, hydrocarbons, and other volatile pollutants have been known to be emitted from 
oil refineries. HAPs have been classified as such by the EPA due to their ability to cause serious health impacts to 
those exposed. A case study by Williams (2020) conducts a preliminary analysis evaluating the association 
between proximity to oil refineries and cancer risk in Texas. Incidences of cancer diagnosis from 2010 to 2014 
were gathered from individuals 20 years old or older living within 30 miles of an oil refinery. Their findings 
reveal a dose-response association between proximity to an oil refinery and elevated risk of cancer diagnostics 
across all observed cancer types. However, due to the nature of this study, Williams emphasizes the need to 
recognize the potential inherent biases and assumptions associated with the study design. Limitations to the 
analysis include lack of exposure information and lack of residence history, not controlling for all known 
confounding factors such as access to care or occupational exposures, and the use of coarse socioeconomic 
community data. 


8.0 DOWNSTREAM PUBLIC HEALTH IMPACTS 


There are several possible approaches to understanding the potential health impacts of oil combustion. The first is 
to examine evidence that directly studies the impact of burning oil. However, there are few situations where oil 
combustion products can be studied in isolation as opposed to exposure to the entire mix of air pollution from 
multiple sources. The second approach examines potential health impacts of the components of oil combustion. 
There are a large number of chemicals generated from the burning of oil; we have chosen to examine the subset 
which are likely, either due to their concentration or their toxicity, to contribute the most to potential health 
effects: CO, PM2.s, PMi0, NOz, SO2, benzene, 1,3-butadiene. formaldehyde, and n-hexane. Some of the health 
information is derived from epidemiological studies and other information comes from toxicology studies. Both 
provide useful information individually, but often our understanding of the health effects literature comes from an 
integration of both types of studies, particularly for chemicals such as these were there is a large amount of 
available information. 


Epidemiology studies are observational studies which examine how often various diseases occur in different 
populations of people and examine the strength of the statistical association between exposure (in this case to oil 
combustion products) and individual diseases. Since exposures are not controlled, epidemiology studies often 
have exposures to other substances that may also be responsible for the observed disease (known as potential 
confounders). Statistical techniques may be used to differentiate between the exposure of interest and potential 
confounders. 


Toxicology studies use controlled exposure conditions to examine health effects outcomes. Toxicology studies are 
often performed in laboratory animals and exposures are carefully controlled (duration of exposure and 
concentration of tested agent). If the health endpoint is not extreme, toxicology studies can also be performed in 
people where individuals are contained in an exposure chamber for relatively short durations (minutes to hours) 
and the exposures in the chambers are carefully controlled. Examples of acceptable health endpoints are mild, 
reversible irritation, as well as blood markers of a process that might lead to a disease. 


McDuffie et al (2021) examines different sources of PM2.s5 on a global scale to determine which sources sectors 
and fuels contribute the most to the global burden of disease across different regions, countries, and subnational 
areas. This study estimates 3.85 million deaths occur globally each year from total PM>s exposure in its 
evaluation of the contribution from anthropogenic and manmade sources in different regions. This study allows us 
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to address the potential contribution of the “liquid oil and natural gas” sector to global disease, both domestically 
and internationally. 


8.1 The complex mixture: Oil combustion 

This section summarizes epidemiology evidence for associations between oil combustion products as a whole and 
short-term and/or long-term health effects. Studies were identified by performing a literature search through 
PubMed, a search engine supported by the U.S. National Institutes of Health's National Library of Medicine 
which contains details of journal citations and abstracts for biomedical and life science literature from around the 
world. Findings were considered for this section if they focused on exposure to oil combustion itself, or exposure 
to air pollutants that the authors believe originated primarily from oil combustion processes. Health outcomes 
studied included asthma/allergic symptoms, oxidative DNA damage, birthweight, heart rate variability, mortality 
and hospitalizations, and inflammatory markers. 


Very few epidemiological studies directly measure exposure to oil combustion. While a few studies examine 
populations believed to be occupationally exposed to PM dominated by oil combustion sources, most studies 
instead measure PM and its components and apply statistical methods to attribute pollutants back to their sources 
(a technique known as source apportionment). For example, the presence of high concentrations of the metals 
nickel and vanadium are often used as an indicator of oil combustion sources. However, the lack of direct source 
measurements weakens these studies’ ability to associate health impacts to oil combustion specifically. 


Two studies examine the association of oil combustion products and asthma or allergic symptoms (Lawrence et 
al. 2022; Sigsgaard et al. 2015). One study involved cleanup workers without prior diagnosis of asthma who were 
followed after the 2010 Deepwater Horizon Oil spill (Lawrence et al., 2022). These workers were exposed to oil 
burning and flaring so were anticipated to be exposed to oil combustion products. Examining information on 
asthma symptoms between 2011 and 2013, increased asthma in oil cleanup workers was observed as compared to 
non-workers. However, no trends were noted within the worker population based on work tasks associated with 
burning or flaring. The other asthma-related study (Sugiyama et al., 2020) uses source apportionment to identify 
oil combustion sources for school children in Fukuoka, Japan, examining the association between daily oil- 
attributable PMz.s and self-reported symptoms. They observed increased risk of nasal symptoms (e.g., sneezing, 
runny nose, congestion) but not ocular or dermal symptoms (e.g., itching, irritation) associated with exposure to 
increased daily concentrations of oil attributable PM> s. 


Two studies (Bell et al. 2010; Ottone et al. 2020) examined association between maternal exposure to PM2s 
modeled to be linked with oil combustion and its potential with birth outcomes. Both studies linked PM to oil 
combustion based on its nickel and vanadium content. One study (Bell et al. 2010) compared average daily PM> 
concentrations measured between 2000 and 2004 in 4 counties in the Northeast United States and compared these 
values to various birth outcomes. Estimated total exposure to PM2s5 from oil combustion was not associated with 
either decreased birthweight or full-term births with weights less than 2,500 grams (5.5 pounds). However, 
increased nickel or vanadium content of the PM was associated with an increased risk of being small for 
gestational age (having birthweights below the 10" percentile for gestational age) and increased nickel content 
was associated with decreased average birthweight. The other study (Ottone et al. 2020) examined preterm birth, 
low birth weight, and small for gestational age outcomes in a northern Italy population. Daily average gestational 
exposures to PM2 5 from 2012 to 2014 were estimated and source apportionment techniques were used to identify 
the influence of traffic, biomass burning, oil combustion, anthropogenic mixes, and secondary sources. Although 
an increased risk of preterm birth was found to be associated with exposure to oil-associated PM>s, especially at 
the highest exposures, no associations were found for low birthweight or small-at-term births. Evidence for 
associations with birth outcomes is limited by the small number of studies and lack of consistent results. 


One study (Chen et al., 2020) examined cardiac outcomes associated with exposure to oil combustion products. 
Using source apportionment techniques to attribute PM2s5 oil combustion products, daily ambient PM> s 
concentrations were compared to heart rate measurements in the elderly population of Beijing, China. Authors 
reported that both increased daily cumulative PM>.s exposures attributable to oil combustion were associated with 
greater heart rate variability. No association was reported for very low frequency band results. The small sample 
size of individuals with measurements (22) and the cross-sectional study design limited the strength of this study. 


Two studies (Chen et al., 2020; Samoli et al., 2016) examined mortality and hospitalizations patterns and their 
association with PM exposure believed to be associated with oil combustion. One study followed the populations 
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of various European countries, estimating total PM>>s exposure in a city by using the annual 2010 average PM> s 
concentrations measured at monitoring sites (Chen et al., 2020). High concentrations of vanadium and nickel in 
the PM2s5 were used to attribute the material to oil combustion. Increasing PM2.s concentrations from oil 
combustion was found to be associated with increased risk of non-malignant respiratory-related mortality and 
general natural-cause mortality, but not with cardiovascular or lung cancer-related mortality. Dependence on a 
single year and annual average exposure data is a weakness of this study. A second study (Samoli et al., 2016) 
examined mortality and hospitalizations in London as compared to daily ambient PMjo concentrations. Source 
apportionment techniques were used to link PMjo with oil combustion sources. Authors concluded that higher 
concentrations PMjo believed to originate from oil were associated with increased respiratory related 
hospitalizations in subjects aged 14 and under, but not other age groups. No associations were observed for PMio 
in either overall or cardiovascular-specific hospitalizations or mortality. 


One study (Dai et al., 2016) examined concentrations of PM; in the ambient air and markers of inflammation in 
blood samples. Using source apportionment techniques to link PM2.s concentrations to oil combustion processes, 
2-day average concentrations of PM25 were associated with increased blood markers for some inflammation 
markers (ICAM-1 and VCAM-1) but not others (IL-6 or CRP). 


One study, involving boilermakers occupationally exposed to oil combustion products (Kim et al., 2004), 
examined the presence of a biomarker for oxidative DNA damage (8-hydroxyguanosine; 8-OH-dG) in urine and 
evaluated whether there was an association with exposure to PM2s5 from residual oil fly ash. DNA damage is not 
in itself a health effect but might be indicative of increased cancer risk. By comparing pre-shift and post-shift 
concentrations of urinary 8-OH-dG, investigators found increasing concentrations of total PM2.s, as well as PM2:s 
with vanadium, manganese, nickel, and lead, were associated with higher urinary 8-OH-dG. The small sample 
size (20 workers) and brief study period (5 days) limited the conclusions that could be drawn from this study. 


Taken together, these studies suggest that there may be various health impacts from exposure to oil combustion. 
However, there are only 2 studies that directly examine populations which have been exposed to oil combustion 
products (Kim et al., 2004; Lawrence et al., 2022), and one of these studies (Kim et al., 2004) looks at biomarkers 
that are only indirectly linked to health impacts. This evidence can be viewed as suggestive at best. 


8.2 Criteria Pollutants 

The following sections briefly review evidence for associations between short-term or long-term inhalation 
exposures to criteria pollutants CO, O3, PM, NO, and SO:. This information was summarized from the associated 
Integrative Science Assessment documents prepared by EPA in support of the NAAQS. Each document also 
discusses potentially susceptible populations. The primary literature, which includes both epidemiological and 
toxicological studies (including controlled human exposure studies), is reviewed in depth in individual EPA 
documents. 


Most epidemiology studies of criteria pollutants involve studying large populations who are exposed to the 
pollutant in the ambient air. This means that individuals are exposed to a mixture of many different chemicals, 
including a set associated with various combustion sources. This makes it more difficult to tease out the impact of 
one criteria pollutant from another, but it may be possible using statistical tools. Key to supporting the 
epidemiology studies is supporting evidence from toxicology studies. Furthermore, since large populations are 
examined in these epidemiology studies, exposures are often estimated using measurements at central monitoring 
sites. These concentrations are then applied to an entire location (for example a city), even though the pollutant 
concentration may vary within that location. Finally, different averaging times are often applied to the 
measurements, so associations are examined compared to short-term averages or long-term averages. 


When EPA evaluates criteria pollutants for health effects, they look at all streams of scientific evidence: 
epidemiology studies, and toxicology studies (including both controlled human exposure studies in people and 
studies in laboratory animals) and come up with a set of determinations: causal relationship; likely to be causal 
relationship; suggestive of but not sufficient to infer a causal relationship; inadequate to infer the presence or 
absence of a causal relationship; or not likely to be a causal relationship. Table 4 outlines the criteria for each 
determination. 
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Table E.3.C-4. Weight-of-Evidence for causali 
Determination Health Effects 


determinations. 


Evidence is sufficient to conclude that there is a causal relationship with relevant 
pollutant exposures (e.g., doses or exposures are generally within one to two orders of 
magnitude of recent concentrations). That is, the pollutant has been shown to result in 
health effects in studies in which chance, confounding, and other biases could be ruled 
out with reasonable confidence. For example: (1) controlled human exposure studies 
that demonstrate consistent effects, or (2) observational studies that cannot be 


Causal relationship 


(Causal) 


explained by plausible alternatives or that are supported by other lines of evidence 
(e.g., animal studies, mode-of-action information). Generally, the determination is 
based on multiple high-quality studies conducted by multiple research 
Evidence is sufficient to conclude that a causal relationship is likely to exist with 
relevant pollutant exposures. That is, the pollutant has been shown to result in health 
effects in studies where results are not explained by chance, confounding, and other 
biases, but uncertainties remain in the evidence overall. For example: (1) observational 
studies show an association, but co-pollutant exposures are difficult to address and/or 
other lines of evidence (controlled human exposure, animal, or mode of action 
information) are limited or inconsistent or (2) animal toxicological evidence from 
multiple studies from different laboratories demonstrate effects but limited or no 
human data are available. Generally, the determination is based on multiple high- 
quality studies. 
Evidence is suggestive of a causal relationship with relevant pollutant exposures but is 
limited, and chance, confounding, and other biases cannot be ruled out. For example: 
(1) when the body of evidence is relatively small, at least one high-quality 
epidemiologic study shows an association with a given health outcome and/or at least 
one high-quality toxicological study shows effects relevant to humans in animal 
species or (2) when the body of evidence is relatively large, evidence from studies of 
varying quality is generally supportive but not entirely consistent, and there may be 
coherence across lines of evidence (e.g., animal studies, mode of action information) to 
support the determination. 
Evidence is inadequate to determine that a causal relationship exists with relevant 
pollutant exposures. The available studies are of insufficient quantity, quality, 
consistency, or statistical power to permit a conclusion regarding the presence or 
absence of an effect. 


Likely to be causal 
relationship 


(Likely) 


Suggestive of but not 
sufficient to infer a causal 
relationship 


(Suggestive) 


Inadequate to infer the 
presence or absence of a 
causal relationship 


(Inadequate 
Not likely to be a causal 
relationship 


(Not likely) 
Source: EPA 2015 


Evidence indicates there is no causal relationship with relevant pollutant exposures. 
Several adequate studies, covering the full range of levels of exposure that human 

beings are known to encounter and considering at-risk populations and life stages, are 
mutually consistent in not showing an effect at any level of exposure. 
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Table 5 summarizes the health impacts associated with exposure to various health effects, along with the weight of evidence, as summarized by the EPA 
Integrated Science Assessments. 


Table E.3.C-5. Health impacts from criteria pollutants. he, Shee: ¢ Rea ee ION _ SARS en ~ 08 9h “s 
Health impact Exposure duration CO NOR ee SOr (Ozone. oe BMis A? /PMi0-25 
EPA (2010) EPA (2016) = =EPA(2017) EPA (2020) EPA (2019, 2022) EPA (2019, 2022) 


Suggestive Causal Likely Suggestive 


Respiratory Short-term 


Respiratory 


Long-term 


Inadequate Suggestive Inadequate 
Likely Inadequate Suggestive 
Suggestive Inadequate Suggestive 


Suggestive 
/Inadequate 


Cardiovascular Short-term 


Cardiovascular Long-term 


Central nervous system | Short-term 


Central nervous system | Long-term 


Birth outcomes and Consider a wide range | Suggestive 
developmental of exposure durations 


Total mortality 


Total mortality 


Inadequate Suggestive Suggestive Inadequate 
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CO 
EPA (2010) 
People with 
underlying 


NO, 
EPA (2016) 
People with 
asthma, 


SO2 
EPA (2017) 
People with 
pre-existing 


PM2.5 
EPA (2019, 2022) 
Strong evidence: 
Children, minorities 


PMho-2.5 
EPA (2019, 2022) 
Strong evidence: 
Children, minorities 


Ozone 
EPA (2020) 
People with 
pre-existing 


Health impact Exposure duration 


Long-term or short- 
term 


Susceptible 
Populations 


coronary artery | children, and asthma, asthma, (specifically Black), (specifically Black), and 
disease, and older adults particularly children, older | and people of low people of low 
possibly the children adults, socioeconomic status. | socioeconomic status. 
elderly, individuals . : : : 
: Suggestive evidence: | Suggestive evidence: 

fetuses, people with reduced ; a 

: ; : people with pre- people with pre-existing 
with anemia, intake of ae as : 

: existing cardiovascular | cardiovascular or 

people with certain 


or respiratory disease, 
overweight or obese, 
with particular genetic 


respiratory disease, 
overweight or obese, 
with particular genetic 


nutrients (i.e., 
vitamins C and 


obstructive 
lung disease, 


and people E), and ; 
d : variants, current or variants, current or 
with diabetes outdoor 
former smokers. former smokers. 
workers. 


Inadequate evidence: 
pre-existing diabetes, 
older life stages, 
residential location, 
gender, or diet. 


Inadequate evidence: 
pre-existing diabetes, 
older life stages, 
residential location, 
gender, or diet. 


Note: CO (carbon monoxide); EPA (U.S. Environmental Protection Agency): NO2 (nitrogen dioxide); PM2.5 (particulate matter less than 2.5 microns in aerodynamic diameter); PM1o 
(particulate matter less than or equal to 10 microns in aerodynamic diameter); SO (sulfur dioxide) 
* Causal determination not presented 
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8.3. Hazardous Air Pollutants 

Unlike for criteria pollutants, HAPs are evaluated under the Integrative Risk Information System (IRIS) and have 
toxicological review documents prepared. The toxicological review is a critical review of the physicochemical 
and toxicokinetic properties of the chemical and its toxicity in humans and experimental systems. The assessment 
presents reference values for noncancer effects of a chemical (reference concentration or RfC for inhalation 
exposure) and a cancer assessment (including both a qualitative and quantitative risk), where supported by 
available data. Table 6 summarizes the most sensitive noncancer endpoint, the cancer assessment, and the 
benchmark health values for benzene, n-hexane, formaldehyde, and 1,3-butadiene. 


Table E.3.C-6. Health impacts from select hazardous air pollutants. 
‘Health Impact Benzene ~ n-Hexane - Formaldehyde _ 1,3-Butadiene 

Ge ue re ae EPA (2002, EPA (2005) -.. EPA (1999); Kaden et al. EPA (2002a, b) 
expats sty2 A998) Zeke 212010) Coe | 

Noncancer endpoints Immune — Nervous system Irritation at site of contact | Reproductive system 
(most sensitive) hematotoxicity (e.g., skin, eyes, upper 


Known human Known human 
carcinogen carcinogen 


Cancer potency (per : ; Inadequate 
ug/m?) information to assess 
carcinogenic potential 
Note: EPA (U.S. Environmental Protection Agency); mg/m? (milligrams per cubic meter); RfC (reference concentration); 1g/m? 


(micrograms per cubic meter). 


8.4 Global burden of disease 


By using global emissions inventories along with datasets of anthropogenic emissions and atmospheric chemistry 
modeling, McDuffie and colleagues were able to simulate PM2.s concentrations in different geological regions and 
estimate total disease burden for six mortality endpoints and two neonatal disorders associated with exposure to 
ambient PM>s5 (McDuffie et al., 2021). They then estimated the contribution from various sources of origin, 
including the category “Liquid Oil and Natural Gas” which contains light oil, heavy oil, and diesel oil. In the 
United States, total PMs concentrations were modeled as 7.8 g/m’, which the investigators estimate would be 
associated with 47,000 deaths a year or 13.2% of the total global burden of disease. These deaths were largely 
estimated to be from stroke and ischemic heart disease. 


Globally, 27.3% of PM2.s was modeled to originate from fossil fuel combustion activities, with an additional 20% 
attributable to solid biomass fuel, particularly for residential heating and cooking activities. Natural gas was 
modeled to be the largest contributor to PM2.s in the United States. Population-weighted exposures to PM2.s were 
relatively lower in the United States compared to many other countries, but the United States had high burdens of 
disease because of demographic differences (e.g., older populations) and lower prevalence of infectious diseases. 


9.0 COMPARISON OF ALTERNATIVES 


Five different alternatives are analyzed in the SEIS. Under Alternative A (No Action), the Project would not occur 
and thus no oil would be produced and there would not be impacts to air quality and public health directly from 
the downstream combustion of Willow oil. All other alternatives would have a greater impact compared to 
Alternative A. The main difference between the remaining four alternatives (Alternative B, C, D, and E) is the 
anticipated amount of oil produced. Alternatives B, C, and D are each expected to produce the same amount oil 
over the 30- or 31-year Project lifespan, 628.9 million barrels of oil (MMBO). Consequently, the downstream 
impact of oil combustion would be approximately the same for these alternatives. Alternative E is expected to 
produce 613.5 MMBO, slightly less than Alternatives B, C, and D. Less oil produced would lead to less 
downstream combustion and emissions. The overall air quality and health impacts from the downstream 
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combustion of Willow oil under Alternative E would therefore likely be slightly less than Alternatives B, C, and 
Dz. 


9.1 Foreign Impacts from Oil Combustion 

Exposure to PM2s and the burden of disease from that exposure varies globally, based on demographics as well as 
PM2>s concentrations. Seventy-seven percent of the deaths attributable to PM; worldwide are in east Asia and 
south Asia, where PM2s concentrations are 5-10-fold higher than those in the United States. A variety of factors 
contribute to this, including the health and age of the overall population, as well as the PM> ; exposure 
concentrations and the sources of the PM>s. For example, coal combustion is much greater in China and India as 
compared to the United States, leading to more PM2\s from that source. Since PM; composition will vary with 
source, these differences might impact the overall burden of disease in these locations, making the relative impact 
of oil combustion lower in these countries. On the other hand, the modeled disease impact of PM25 sources in the 
United States (where the population weighted annual PM>.; concentration in 2017 was 7.8 ug/m*) is higher than 
the modeled disease impacts other countries with higher PM>.s exposures (for example, Iran where 2017 annual 
PM2.s concentrations were 38.3 g/m*). This is likely due to the greater proportion of elderly in the United States, 
as the elderly are a susceptible population. 


The potential impact of foreign oil combustion on air quality and public health would be similar to those 
discussed above except that impacts would be higher if emission controls were less stringent and impacts would 
also be influenced by the atmospheric environment in the region and the population characteristics. 


9.2 Uncertainties and Limitations of Analysis 
Uncertainties in information and data gaps preclude a fully quantitative analysis. Some of the key uncertainties 
and limitations of the analysis are discussed below. 


e Air quality involves complex physical and chemical transformations at a local/regional level which is 
dependent on local emissions and meteorology and may vary from national averages. 


e The uncertainty in the final destination and end use of Willow oil means that specific pollutant 
concentration impacts cannot be determined. 


e There are significant differences in vehicular emissions based on type and age of vehicle, driving patterns, 
etc., which would impact local emissions from mobile sources. 


e Lack of local concentration values prevents an assessment of potential air quality standard exceedances. 


e Many of the health effects associated with exposure rely on specific concentrations, yet the discussion 
above only discusses general associations. It is very possible that chemical concentrations (for both 
criteria pollutants and HAPs) are below the concentrations where health impacts are observed. 


e Significant uncertainties exist when modeling PM to sources and when modeling resulting PM 
concentrations. 


ee ee ee 
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1.0 CONTAMINATED SITES TECHNICAL INFORMATION 
1.1 Assessment Criteria and Methodology 


The potential for the Willow Master Development Plan Project (Project) to encounter contamination from existing 
sites was evaluated using records of existing contaminated sites and spills within 0.5 mile of the Project to 
identify the locations, characteristics, and quantities of existing contamination. The locations of existing 
contamination were evaluated against the Project activities to assess the likelihood of encountering contamination. 
The likelihood of encountering contamination during Project construction was assessed using a rating system of 
very low to high. Ratings are a function of spill status (cleanup complete or active) and distance of the site from 
the Project footprint. Table E.5.1 presents the assessment criteria for contaminated sites. 


Table E.5.1. Contaminated Sites Assessment Criteria 
Active Status 


Cleanup Complete or Cleanup Complete with 
Institutional Controls Status 


Moderate Low 
Between 100 and 500 feet of Project activi Low Very low 
Greater than 500 feet from Project activi Very low | 


1.2 Contaminated Site Details 


Table E.5.2 provides a summary of contaminated sites within 0.5 mile of the Project (Figure 3.5.1). 


Table E.5.2. Contaminated Sites within 0.5 mile of the Project* 
ADEC ing Site Name Event — Status Distance to Project Likelihood of 
Year Activity (miles) | Encountering 


Nae Kuparuk Construction Service (KCS) 1992  |Cleanup complete- 0.3 Very low 
institutional controls 


2923 Lonely AFS Dewline - Diesel Tank SS10 1995 


2924 Lonely AFS Dewline - Beach Diesel SS003 1995 Cleanup complete Very low 
2925 Lonely AFS Dewline - Hangar Pad SS13 1995 Cleanup complete Very low 


2926 Lonely AFS Dewline - Landfill LF007 1995 Cleanup complete 0.0 Low 
2927 Lonely AFS Dewline - Diesel Spills SS05 1995 Cleanup complete 0.0 Moderate 
2928 Lonely AFS Dewline - POL Storage SS04 1995 Cleanup complete 0.0 Low 


2932 Lonely AFS Dewline - Garage SS09 1995 Cleanup complete 0.0 Very low 
2933 Lonely AFS Dewline - Landfill 1995 | Cleanup complete 0.1 Very low 
LFO11/SS006 


Lonely AFS Dewline - Sewage Disposal 1995 |Cleanup complete f None? 
SS01 


2935 Lonely AFS Dewline - Drum Storage SS02 1995 
Lonely AFS Dewline - Module Train SS012 1995 Cleanup complete 


Source: (ADEC 2022a) 

Note: ADEC (Alaska Department of Environmental Conservation); AFS (Air Force site); AOC (area of concern); DEW (Distant Early Warning); POL 
(petroleum, oil, and lubricant). 

* Site 2934 was noted by the Alaska Department of Environmental Conservation as having eroded into the Beaufort Sea in August 2008. 

» Site 2935 was noted by the Alaska Department of Environmental Conservation as having eroded into the Beaufort Sea in April 2015. 


1.3 Registered Facilities* _ 
Table E.5.3 provides a summary of U.S. Environmental Protection Agency-regulated facilities within 0.5 mile of 

- the Project that may be affected by the release, or threat of release, of hazardous substances, pollutants, or 
_contaminants from Project activities (Figure 3.5.1). te 
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EPA Registry ID| Facility | Description 


110056899281 


and gas operations 
Alpine Airport operations 


110041479030 


110022527121 


extraction 


110064809916 


Source: (ADEC 2022b; EPA 2022) 
- Note: EPA (U.S. Environmental Protection Agency). 


extraction, drilling oil and gas 
wells, and support activities for oil 


Airport operations and crude 
petroleum and natural gas 


Very small quantity generator 


Release of Hazardous 
Substance, Pollutants, or 
Contaminant (yes/no 


(size/type) 


6 (266 gallons/ 


gallons/hazardous 


3 (10 gallons/ 
non-crude oil) (3 
gallons/hazardous 


Number of Releases Distance from 


non-crude oil; 248.5 


Project Activity 
(miles 
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Glossary Terms 


Background zone: Areas visible within 5 to 15 miles from viewer locations. 


Distance zones: The level of visibility and distances from important viewer locations, including travel routes, 
human use areas, and observation points. Distance zones consist of foreground-middleground (0 miles to 5 miles), 
background (5 to 15 miles), and seldom-seen (not visible or beyond 15 miles). The Willow Master Development 
Plan Project’s (Project’s) estimated nighttime lighting conditions are determined by the heights of drill rigs and 
communications towers. The Project would be visible out to 30 miles, based on the direct line-of-sight limits due 
to the curvature of the earth and regional atmospheric conditions. 


Foreground-middleground distance zone: Areas visible within less than 5 miles from key observation points. 


Scenic quality: The relative worth of a landscape from a visual perception point of view expressed as a 
quantitative measure of qualitative criteria associated with landform, vegetation, water, color, adjacent scenery, 
scarcity, and cultural modifications (BLM 2020). 


Seldom seen areas: Areas within the foreground-middleground and background zones that are not visible, or 
areas that are visible but are beyond the background zone (more than 15 miles from key observation points). 


Sensitivity level: The measure of public concern for scenic quality (as determined through the Visual Resource 
Inventory process). 


Viewshed: The total landscape seen from a point, or from all or a logical part of a travel route, use area, 
or waterbody. 


Visual resources: Visible physical features on a landscape, including land, water, vegetation, animals, structures, 
and other features. 


Visual Resource Inventory: The process of determining the visual value of BLM-managed lands through the 
assessment of the scenic quality rating, sensitivity level, and distance zones of visual resources within those lands. 


Visual Resource Inventory classes: Four visual resource inventory classes into which all BLM-managed lands 
are placed based on scenic quality, sensitivity levels, and distance zones, as determined through the Visual 
Resource Inventory process. 


Visual Resources Management classes: Categories assigned to public lands based on scenic quality, sensitivity 
level, and distance zones with consideration for multiple-use management objectives. There are four classes; each 
class has an objective that prescribes the amount of change allowed in the characteristic landscape. Visual 
resource management classes are assigned through BLM Resource Management Plans (in this case, the IAP for 
the NPR-A). 


Visual Resources Management: The system used by BLM to manage visual resources (including in the NPR-A). 
It includes inventory and planning actions to identify visual values and to establish objectives for managing 
those values. 
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1.0 VISUAL RESOURCES 


1.1 Visual Resources Management in the National Petroleum Reserve in Alaska 
The following descriptions, worksheets, and tables support the analysis in the Willow Master Development Plan 
Environmental Impact Statement Section 3.7, Visual Resources, and tier to previous Bureau of Land Management 
(BLM) studies. Section 3.7 discusses existing conditions in Section 3.7.1, Affected Environment, and discloses 
impacts to scenery and people, and conformance with BLM Visual Resources Management (VRM) objectives 
(BLM 2022) in Section 3.7.2, Environmental Consequences. The BLM Visual Resource Inventory (VRI) (BLM 
2012) provides the visual baseline conditions using the indicators of scenic quality, sensitivity, and distance 
zones. The BLM scenic quality rating is the basis for determining impacts to scenery in the analysis area. The 
BLM sensitivity levels and distance zones are the basis for determining impacts to people (human environment) 
in the analysis area. 


The referenced figures and tables in this appendix contain quantitative and qualitative information for: 

1. Scenic quality is the relative worth of a landscape from a visual perception point of view expressed as a 
quantitative measure of qualitative criteria associated with landform, vegetation, water, color, adjacent 
scenery, scarcity, and cultural modifications. 

2. Sensitivity level is the measure of public concern for scenic quality (as determined through the VRI 
process). 

3. Distance zones are the level of visibility and distances from important viewer locations, including travel 
routes, human use areas, and observation points. Distance zones consist of the foreground-middleground (0 
miles to 5 miles), background (5 to 15 miles), and seldom-seen (not visible or beyond 15 miles) zones. The 
Willow Master Development Plan Project’s (Project’s) estimated nighttime lighting conditions are 
determined by the heights of drill rigs and communications towers which would be visible out to 30 miles, 
based on the direct line-of-sight limits due to the curvature of the earth and regional atmospheric 
conditions. 

4. VRI classes are four visual resource inventory classes which all BLM-administered lands are placed into 
based on scenic quality, sensitivity levels, and distance zones, as determined through the VRI process. 

5. VRM classes are categories assigned to public lands based on scenic quality, sensitivity level, and distance 
zones with consideration for multiple-use management objectives. There are four classes. Each class has an 
objective that prescribes the amount of change allowed in the characteristic landscape. VRM classes are 
assigned through BLM Resource Management Plans, which for the National Petroleum Reserve in Alaska 
(NPR-A) is the Integrated Activity Plan (BLM 2022). 


The BLM’s VRM class objectives are defined in Table E.7.1. 


Visual contrast rating worksheets (VCRW), located in Appendix E.7B, Visual Contrast Rating Worksheets, 
document: 
1. The forms, lines, colors, and textures of landforms/water, vegetation, and structures in the characteristic 
landscape. 
2. The forms, lines, colors, and textures of landforms/water, vegetation, and structures of the project. 
3. The visual contrasts in the categories are strong, moderate, weak, and none; conformance with VRM 
objectives; and recommended mitigations, if any. 
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ement Visual Resources Management Class Objectives 


Management Objective 
I The objective of this class is to preserve the existing character of the landscape. This class provides for natural ecological changes; 
however, it does not preclude very limited management activity. The level of change to the characteristic landscape should be very 
low and must not attract attention. 

II The objective of this class is to retain the existing character of the landscape. The level of change to the characteristic landscape 
should be low. Management activities may be seen but should not attract the attention of the casual observer. Any changes must 
repeat the basic (design) elements of form, line, color, and texture found in the predominant natural features of the characteristic 
landscape. 
Il The objective of this class is to partially retain the existing character of the landscape. The level of change to the characteristic 
landscape should be moderate. Management activities may attract attention but should not dominate the view of the casual observer. 
Changes should repeat the basic elements found in the predominant natural features of the characteristic landscape. 

IV The objective of Class IV is to provide for management activities that require major modifications to the existing character of the 
landscape. The level of change to the landscape can be high. The management activities may dominate the view and may be the 
major focus of viewer attention. However, every attempt should be made to minimize the impact of these activities through careful 
location, minimal disturbance, and repetition of the basic visual elements of form, line, color, and texture. 

Source: BLM 1986 


The Project’s VCRWSs are included in Appendix E.7B and include: 

¢ VCRW-1: Contrast Ratings and Conformance for Foreground-Middleground Viewing Situations in VRM 
Class IV Areas 

¢ VCRW-2: Contrast Ratings and Conformance for Background and Seldom-Seen Viewing Situations in 
VRM Class IV Areas 

¢ VCRW-3: Contrast Ratings and Conformance in VRM Class II Areas 

¢ VCRW-4: Contrast Ratings and Conformance for Foreground-Middleground Viewing Situations in VRM 
Class III Areas (Option 3) 

¢ VCRW-S: Contrast Ratings for Foreground-Middleground Viewing Situations (Non-BLM lands) 

¢ VCRW-6: Contrast Ratings for Background and Seldom-Seen Viewing Situations (Non-BLM lands) 


1.2 The Willow Project and Visual Resources Analysis Area 

The analysis area for visual resources is the area within line-of-sight from ground-eye-level to the tallest 
components of the Project (drill rig and communications tower lighting). For this Project, that area (also known as 
the viewshed) is 30 miles, with the exception of the diesel and seawater pipelines from near Nuiqsut to Kuparuk, 
which would be colocated with existing pipeline infrastructure and has a viewshed of 15 miles (Figure 3.7.1).The 
Project viewshed includes all areas from which the proposed facilities would be visible based on topographical 
obstruction and viewer distance from the Project (0- to 5-miles foreground-middleground zone and the 5- to 15- 
miles background zone. 


1.2.1 State Lands 

State lands that occur within the analysis area are not subject to known visual management standards. The BLM 
visual contrast rating process has been applied to non-BLM lands to provide a qualitative analysis of the potential 
degree of contrast of Project facilities when viewed from 0- to 5-miles foreground-middleground zone and the 5- 
to 15-miles background zone. 


1.3 Bureau of Land Management Scenic Quality in the Project Viewshed 

The BLM scenic quality classes are the basis for determining impacts to scenery in the analysis area. Due to the 
natural character of existing conditions in the viewshed, the Project would be strongly contrasting with scenery 
due to the broad, panoramic landscape where few human-made or built features occur. The Project’s impacts to 
scenery are determined by comparing the view characteristics of the action alternatives with views of the 
characteristic landscape. The relative scenic quality (Class A, B, or C) is assigned to a landscape by applying the 
VRI scenic quality evaluation factors with scenic quality A having the highest rating and scenic quality C having 
the lowest. The Project would result in substantial changes in the visual landscape for public land users and 
viewers in the foreground-middleground and background distance zones and the level of change and scenic 
quality would reduce the inventoried scenery class designations in the viewshed based on the introduction of 
Project components that are not common in the landscape. Table E.7.2 shows the acreages and percentages of 
scenic quality classes where viewers would have visibility toward the Project. The scenic quality classes are 
shown in Figure 3.7.2, and the Project’s viewshed is shown in Figure 3.7.1. 
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Table E.7.2. Scenic Quality Classes in the Analysis Area and Viewshed 
Area Class A Class B Class C No Data Unclassified, Not in NPR-A Total 
Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) 


2,399,945.0 1,777.6 3,411,329.1 6,020,792.4 
area (3.0%) 0.5% (39.9% (less than 0.1% (56.7%) 100% 

1,720,473.0 1,481.2 2,954,376.6 4,857,122.8 
viewshed 3.3%) (0.4%) 35.4 %) less than 0.1% (60.8%) (100% 


Note: NPR-A (National Petroleum Reserve in Alaska). Areas outside of NPR-A are not managed by the Bureau of Land Management and thus do not have 
scenic quality classifications. 


1.4 Bureau of Land Management Sensitivity Levels and Distance Zones in the 
Project Viewshed 


The BLM sensitivity level and distance zones are the basis for determining impacts to people/viewers in the 
analysis area. Higher user concern for scenery would be more susceptible to visual impacts than lower concern 
and near distance zones would be more susceptible to visual impacts than far distance zones. Visual contrasts for 
viewers are determined by comparison of the view characteristics of the Project with views of the characteristic 
landscape. The Project would result in strong visual contrasts and viewer impacts that are strong in comparison 
with existing conditions, including visually dominant forms, lines, colors, and textures of landforms, water, 
vegetation, and structures. The Project would result in strong contrasts to scenic quality for viewers in the 
foreground-middleground, and background distance zones, and the level of contrast likely would reduce the 
inventoried sensitivity level designations in the analysis area. Table E.7.3 shows the acreages and percentages of 
BLM sensitivity classes where viewers would have visibility toward the Project. Table E.7.4 summarizes BLM 
distance zones where viewers would have visibility toward the Project. The Project’s viewshed is shown in Figure 
3.7.1, BLM sensitivity levels are shown in Figure 3.7.3, and the distance zones are shown in Figure 3.7.4. 


Table E.7.3. Sensitivi 


Area 

area 

viewshed (42.4% (0.0% (0.0% (0.0%) (60.8%) (100% 
Note: NPR-A (National Petroleum Reserve in Alaska). Areas outside of NPR-A are not managed by the Bureau of Land Management and thus do not have 
sensitivity classifications. 


Classes in the Analysis Area and Viewshed 
High Medium Low No Data Unclassified, Not in NPR-A Total 
Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) 


2,611,241.0 0.0 0.0 0.9 3,409,551.4 6,020,792.4 
(43.4%) (0.0% (0.0%) (less than 0.1%) (56.6%) (100% 
0.0 0.0 894. 


Table E.7.4. Distance Zones in the Analysis Area and Viewshed 


Area Foreground-Middleground Background Seldom Seen —_ Unclassified, Not in NPR-A Total 
Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) 


area 36.0% (7.3% (0.0%) (56.6%) 100% 
1,560,104.2 344,123.3 2,952,894.9 4,857,122.4 

viewshed (32.1% (7.1% 0.0%) (60.8%) (100%) 
Note: NPR-A (National Petroleum Reserve in Alaska). Areas outside of NPR-A are not managed by the Bureau of Land Management and thus do not have 
distance zone classifications. 


1.4.1 State Lands 

Similar to BLM lands, Project facilities and lighting would affect scenery and people by impacting the 
undisturbed characteristic landscape (including night skies). State lands in the area of Project activity for the 
action alternatives would be in areas of existing activity (e.g., Oliktok Dock, Alpine Annual Resupply ice road), 
while state lands along the Module Delivery Option 3 ice road route from Kuparuk DS2P to the Colville River ice 
bridge would follow a route without permanent infrastructure, though there are other temporary winter activities 
that occur in the area (e.g., North Slope Borough’s Community Winter Access Trail). 


Along the Option 3 ice road route, visual contrast from Project facilities and activity (including light sources 
during operations) would cause the greatest visual impacts in foreground-middleground views due to the broad, 
panoramic landscape and lack of intervening land features. Overall contrasts would diminish based on viewer 
location and proximity to existing oil and gas infrastructure in the Kuparuk area. In viewing areas distant from the 
developed Kuparuk area, moderate to weak construction-related contrasts in the background and seldom seen 
areas (5-15 and greater miles) would occur. 
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Willow Master Development Plan Final Supplemental Environmental Impact Statement 


1.5 Bureau of Land Management Visual Resource Inventory Classes in the Project 
Viewshed 


The BLM VRI classes indicate the overall value of landscape on BLM lands. Views to the action alternatives 
from more valued landscapes have greater potential for impacts than do views from less valued landscapes. Table 
E.7.5 shows the acreages and percentages of existing BLM VRI classes in the analysis area and the Project’s 
viewshed. Construction, operations, and reclamation activities would result in overall landscape values that 
strongly contrast with existing conditions. The Project would result in strong contrasts to the landscape for 
viewers in the foreground, middleground, and background distance zones, and the level of impact would likely 
reduce the inventoried BLM VRI class designations in the analysis area. The VRI classes are shown in Figure 
3.7.5, and the Project’s viewshed is shown in Figure 3.7.1. 


Table E.7.5. Visual Resource Inventory Classes in the Analysis Area and Viewshed 
Area Class I Class I Class Til Class IV Unclassified, Not in NPR-A Total 
Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) 


In analysis 209,518.3 1,959,963.2 441,759.4 3,409,551.5 6,020,792.4 
area : (3.5%) (32.6%) _ (7.3%) (56.6%) (100% 
Bee | 0.0 182,273.1 1,377,831.0 344,123.3 2,952,894.9 4,857,122.3 
viewshed (0.0%) (4.1%) (30.7%) (7.7%) (60.8%) (100%) 


Note: NPR-A (National Petroleum Reserve in Alaska). Areas outside of NPR-A are not managed by the Bureau of Land Management and thus do not have 
Visual Resource Inventory classifications. 


1.6 Bureau of Land Management Visual Resources Management Classes Within 


Conformance with VRM management classes is based on the characteristics of Project facilities that are 
_ physically located within the VRM classified lands. The VRM classes were assigned to these lands by the NPR-A | 
_IAP/EIS Record of Decision (BLM 2022). The VRM Class objectives for each alternative (BLM 2022) takes into | 
_ consideration VRI information and overall BLM land management objectives for each resource managed within 
the NPR-A. 


_VRM Class objectives (BLM 2022) identify 1,179,885.4 acres of VRM Class II within the analysis area (19.6% 

_ of the analysis area) and 1,335,405.2 acres of VRM Class IV (22.2% of the analysis area). There are no VRM 

_ Class I or III objectives identified within the analysis area (Figure 3.7.6). The acres of each VRM class within the 
_ Project viewshed provides a summary of the amount of those areas from which a viewer could see the Project 


Class I Class I Class Il Class IV Total 
Acres (%) Acres (%) Acres (%) Acres (%) Acres (%) 
In analysis 0.0 IMS) SVRES 0.0 1,335,404.1 3,409,551.4 6,020,792.3 
area 0.0%) (19.6%) (0.0%) _ (22.2% : (6160/0) ae 100.0%) 
In Project 0.0 907,300.4 0.0 905,215.8 89,130.4 2,995,476.1 4,857,122.4 
viewshed (0.0%) (29.8%) (0.0%) (18.6%) (1.8%) (61.7%) (100.0%) | 


Note: NPR-A (National Petroleum Reserve in Alaska). Areas outside of NPR-A are not managed by the Bureau of Land Management and thus do not have 
Visual Resources Management classifications. 

Conformance with the VRM objectives is determined by comparison of the forms, lines, colors, and textures of 
view characteristics of the Project with forms, lines, colors, and textures of views of the existing characteristic 
landscape where they are physically located. Within the analysis area, the Project would not conform with VRM 
Class II objectives but would conform with VRM Class III and IV objectives as allocated for each VRM Class 
Alternative described above. 
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Willow Master Development Plan Final Supplemental Environmental Impact Statement 


2.0 REFERENCES 
BLM. 1986. BLM Manual H-8410-1:; Visual Resource Inventory. Washington, D.C. 


----- . 2012. National Petroleum Reserve-Alaska Final Integrated Activity Plan/Environmental Impact Statement. 
Anchorage, AK. 


----- . 2020. National Petroleum Reserve-Alaska Integrated Activity Plan/Record of Decision. Anchorage, AK. 


----- . 2022. National Petroleum Reserve-Alaska Integrated Activity Plan/Record of Decision. Anchorage, AK. 
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SECTION A. PROJECT INFORMATION 
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(T.R.S) 
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3.7.6 Visual Resource Management 
Classes 


1. Project Name 
Willow 


2. Key Observation Point (KOP) Name 
Foreground-MiddlegroundViews 

3. VRM Class at Project Location 
Class IV 


(Lat. Long) 
Varies 


SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 
1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Planar horizontal land, lakes and ponds. _| Planar horizontal surface of grasses in 
summer turning to snow cover for 9-10 
months.. 


Strongly horizontal land, lakes, and Horizontal surface of grasses in summer 
ponds.. turning to snow cover for 9-10 months. 


Very light to medium tan earth. Water Light to medium green turning to tan to 
reflecting colors of sky in summer turning | brown grasses in summer and uniform 
to snow cover for 9-10 mo snow cover for 9-10 months 


Smooth land, lakes, and ponds Smooth grasses and snow cover 


SECTION C, PROPOSED ACTIVITY DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar pads and roads Geometric patterns of present and absent | Strongly planar vertical and horizontal 
grasses. drill and valve structures. Cylindrical 
tanks. Geometric roads, pads, vehicles. 


Horizontal pads and curvilinear roads Horizontal and angular lines at edges of | Strongly vertical and horizontal lines. 
geometric shapes. Vertical and horizontal lines at edges of 
geometric shapes 


Tans and greys Greens, tans, and greys. Light to dark orange structures and 
multicolored equipment. White, blue, and 
red facility, vehicle lighting, sky glow. 


Smooth. Smooth to coarse at a distance. Moderate to coarse. 
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ELEMENTS 


SECTION D. (Continued) 


Comments from item 2. 


Strong construction-related contrasts in the foreground and middleground seen areas (0-5 miles) would occur for the 10-11-year time 
period specified (Chapter 2.4.6.10.2) for drilling and from the presence of drill rigs and construction equipment. Strong contrasts would be 
caused by the structural forms, lines, and colors and colors of lighting for facilities, equipment, and vehicles. These contrasts would 
conform with Visual Resource Management Class lV management objectives (see following table). These noticeable forms and lines are 
required for function and the highly contrasting colors are needed for safety in the region’s extreme weather conditions. Thus, they would 
cause strong contrasts in the characteristic landscape and mitigations of color would not be feasible. 

Dark Sky BMP Re: down-shielded lighting — This BMP would limit direct (line-of-sight) visibility of the standard Osha-mandated lighting at 
facilities. However, down-shielding in snow cover conditions is known to increase reflectiveness toward the sky and the resultant sky glow 
and light dome would cause problematic navigation issues for humans and fauna. 

Strong contrasts would be reduced to moderate and then weak during the operations, maintenance, and reclamation phases of the project. 
These phases would be portrayed by pads, roads, pipelines, and vehicles, and, eventually, less-noticeable forms, lines, and colors in the 
landscape. 


BLM Visual Resource Management Class Objectives 

Class | Objective The objective of this class is to preserve the existing character of the landscape. This class provides for natural 
ecological changes; however, it does not preclude very limited management activity. The level of change to the characteristic landscape 
should be very low and must not attract attention. 

Class II Objective The objective of this class is to retain the existing character of the landscape. The level of change to the characteristic 
landscape should be low. Management activities may be seen, but should not attract the attention of the casual observer. Any changes 
must repeat the basic (design) elements of form, line, color, and texture found in the predominant natural features of the characteristic 
landscape. 


Class III Objective The objective of this class is to partially retain the existing character of the landscape. The level of change to the 
characteristic landscape should be moderate. Management activities may attract attention, but should not dominate the view of the casual 
observer. Changes should repeat the basic elements found in the predominant natural features of the characteristic landscape. 

Class IV Objective The objective Class IV is to provide for management activities that require major modifications to the existing character 
of the landscape. The level of change to the landscape can be high. The management activities may dominate the view and may be the 
major focus of viewer attention. However, every attempt should be made to minimize the impact of these activities through careful location, 
minimal disturbance, and repetition of the basic visual elements of form, line, color, and texture. 

Source: BLM 1986, 2008b. 


Additional Mitigating Measures (See item 3) 
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3.7.6 Visual Resource Management 
Classes 


1. Project Name 
Willow 


2. Key Observation Point (KOP) Name 
Background-Seldom Seen Views 


3. VRM Class at Project Location 
Class IV 


(Lat. Long) 
Varies 


SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Planar horizontal surface of grasses in None 
summer turning to snow cover for 9-10 
months.. 
None 
None 
None 


SECTION C. PROPOSED ACTIVITY DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar pads and roads Geometric patterns of present and absent | Strongly planar vertical and horizontal 
grasses. drill and valve structures. Cylindrical 
tanks. Geometric roads, pads, vehicles. 


Planar horizontal land, lakes and ponds. 


Horizontal surface of grasses in summer 
turning to snow cover for 9-10 months. 


Strongly horizontal land, lakes, and 
ponds.. 


Light to medium green turning to tan to 
brown grasses in summer and uniform 
snow cover for 9-10 months 


Very light to medium tan earth. Water 
reflecting colors of sky in summer turning 
to snow cover for 9-10 mo 


Smooth land, lakes, and ponds Smooth grasses and snow cover 


Horizontal pads and curvilinear roads Horizontal and angular lines at edges of | Strongly vertical and horizontal lines. 
geometric shapes. Vertical and horizontal lines at edges of 
geometric shapes 


Tans and greys Greens, tans, and greys. Light to dark orange structures and 
multicolored equipment. White, blue, and 
red facility, vehicle lighting, sky glow. 


Smooth to coarse at a distance. Moderate to coarse. 
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SECTION D. (Continued) 


Comments from item 2. 


Moderate to weak construction-related contrasts in the background and seldom seen areas (5-15 and greater miles) would occur for the 
10-11-year time period specified (Chapter 2.4.6.10.2) for drilling and from the presence of drill rigs and construction equipment. Moderate 
contrasts would be caused by the structural forms, lines, and colors and colors of lighting for facilities and vehicles. These contrasts would 
conform with Visual Resource Management Class III and IV management objectives (see following table). These noticeable forms and 
lines are required for function and the highly contrasting colors are needed for safety in the region's extreme weather conditions. Thus, they 
would cause strong contrasts in the characteristic landscape and mitigations of color would not be feasible. 

Dark Sky BMP Re: down-shielded lighting — This BMP would limit direct (line-of-sight) visibility of the standard Osha-mandated lighting at 
facilities. However, down-shielding in snow cover conditions is known to increase reflectiveness toward the sky and the resultant sky glow 
and light dome would cause problematic navigation issues with humans and fauna. 

Moderate contrasts would be reduced to weak during the operations, maintenance, and reclamation phases of the project. These phases 
would be portrayed by pads, roads, pipelines, and vehicles, and, eventually, less-noticeable forms, lines, and colors in the landscape. 


BLM Visual Resource Management Class Objectives 

Class | Objective The objective of this class is to preserve the existing character of the landscape. This class provides for natural 
ecological changes; however, it does not preclude very limited management activity. The level of change to the characteristic landscape 
should be very low and must not attract attention. 

Class II Objective The objective of this class is to retain the existing character of the landscape. The level of change to the characteristic 
landscape should be low. Management activities may be seen, but should not attract the attention of the casual observer. Any changes 
must repeat the basic (design) elements of form, line, color, and texture found in the predominant natural features of the characteristic 
landscape. 

Class III Objective The objective of this class is to partially retain the existing character of the landscape. The level of change to the 
characteristic landscape should be moderate. Management activities may attract attention, but should not dominate the view of the casual 
observer. Changes should repeat the basic elements found in the predominant natural features of the characteristic landscape. 

Class IV Objective The objective Class IV is to provide for management activities that require major modifications to the existing character 
of the landscape. The level of change to the landscape can be high. The management activities may dominate the view and may be the 
major focus of viewer attention. However, every attempt should be made to minimize the impact of these activities through careful location, 
minimal disturbance, and repetition of the basic visual elements of form, line, color, and texture. 

Source: BLM 1986, 2008b. 


Additional Mitigating Measures (See item 3) 
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3.7.6 Visual Resource Management 
Classes 


1. Project Name 
Willow 


2. Key Observation Point (KOP) Name 
Foreground-MiddlegroundViews 


3. VRM Class at Project Location 
Class || 


(Lat. Long) 
Varies 


SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Planar horizontal land, lakes and ponds. | Planar horizontal surface of grasses in 
summer turning to snow cover for 9-10 
months.. 


Strongly horizontal land, lakes, and Horizontal surface of grasses in summer 
ponds.. turning to snow cover for 9-10 months. 


Very light to medium tan earth. Water Light to medium green turning to tan to 
reflecting colors of sky in summer turning | brown grasses in summer and uniform 
to snow cover for 9-10 mo snow cover for 9-10 months 


Smooth land, lakes, and ponds Smooth grasses and snow cover 


SECTION C. PROPOSED ACTIVITY DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar pads and roads Geometric patterns of present and absent | Strongly planar vertical and horizontal 
drill and valve structures. Cylindrical 
tanks. Geometric roads, pads, vehicles. 


Horizontal pads and curvilinear roads Horizontal and angular lines at edges of | Strongly vertical and horizontal lines. 
geometric shapes. Vertical and horizontal lines at edges of 
geometric shapes 


Tans and greys Greens, tans, and greys. Light to dark orange structures and 
multicolored equipment. White, blue, and 
red facility, vehicle lighting, sky glow. 


Smooth. Smooth to coarse at a distance. Moderate to coarse. 
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STRONG 

STRONG 
MODERATE 


MODERATE 


3. Additional mitigating measures recommended 
___No_ (Explain on reverses side) 


ELEMENTS 


SECTION D. (Continued) 


Comments from item 2. 


Strong construction-related contrasts in the foreground and middleground seen areas (0-5 miles) would occur for the 10-11-year time 
period specified (Chapter 2.4.6.10.2) for drilling and from the presence of drill rigs and construction equipment. Strong contrasts would be 
caused by the structural forms, lines, and colors and colors of lighting for facilities, equipment, and vehicles. These contrasts would not 
conform with Visual Resource Management Class II management objectives (see following table). These noticeable forms and lines are 
required for function and the highly contrasting colors are needed for safety in the region’s extreme weather conditions. Thus, they would 
cause strong contrasts in the characteristic landscape and mitigations of color would not be feasible. 


Dark Sky BMP Re: down-shielded lighting — This BMP would limit direct (line-of-sight) visibility of the standard Osha-mandated lighting at 
facilities. However, down-shielding in snow cover conditions is known to increase reflectiveness toward the sky and the resultant sky glow 
and light dome would cause problematic navigation issues for humans and fauna. 

Strong contrasts would be reduced to moderate and then weak during the operations, maintenance, and reclamation phases of the project. 
These phases would be portrayed by pads, roads, pipelines, and vehicles, and, eventually, less-noticeable forms, lines, and colors in the 
landscape. 


BLM Visual Resource Management Class Objectives 

Class | Objective The objective of this class is to preserve the existing character of the landscape. This class provides for natural 
ecological changes; however, it does not preclude very limited management activity. The level of change to the characteristic landscape 
should be very low and must not attract attention. 

Class Il Objective The objective of this class is to retain the existing character of the landscape. The level of change to the characteristic 
landscape should be low. Management activities may be seen, but should not attract the attention of the casual observer. Any changes 
must repeat the basic (design) elements of form, line, color, and texture found in the predominant natural features of the characteristic 
landscape. 


Class IIl Objective The objective of this class is to partially retain the existing character of the landscape. The level of change to the 
characteristic landscape should be moderate. Management activities may attract attention, but should not dominate the view of the casual 
observer. Changes should repeat the basic elements found in the predominant natural features of the characteristic landscape. 

Class IV Objective The objective Class IV is to provide for management activities that require major modifications to the existing character 
of the landscape. The level of change to the landscape can be high. The management activities may dominate the view and may be the 
major focus of viewer attention. However, every attempt should be made to minimize the impact of these activities through careful location, 
minimal disturbance, and repetition of the basic visual elements of form, line, color, and texture. 

Source: BLM 1986, 2008b. 


Additional Mitigating Measures (See item 3) 
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1. Project Name 
Willow EIS - Option 3 


2. Key Observation Point (KOP) Name 
Foreground-Middleground Views 


3. VRM Class at Project Location 


(Lat. Long) 


Class Ill Varies 
SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 
1. LAND/WATER 


Planar horizontal land, lakes and ponds. _| Planar horizontal surface of grasses in Strongly planar vertical and horizontal 
summer turning to snow cover for 9-10 drill and valve structures. Cylindrical 
months.. tanks. Geometric roads, pads, vehicles. 


Strongly horizontal land, lakes, and Horizontal surface of grasses in summer _| Strongly vertical and horizontal lines. 
ponds. turning to snow cover for 9-10 months. Vertical and horizontal lines at edges of 
geometric shapes 


(os 
e) 
fy 
a 
—] 
& Very light to medium tan earth. Water Light to medium green turning to tan to Light to dark orange structures and 
5 reflecting colors of sky in summer turning | brown grasses in summer and uniform multicolored equipment. White, blue, and 
o to snow cover for 9-10 mo snow cover for 9-10 months red facility, vehicle lighting, sky glow. 
22 
me 


Smooth land, lakes, and ponds Smooth grasses and snow cover Moderate to coarse. 


SECTION C. PROPOSED ACTIVITY DESCRIPTION 
1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar road Indistinguishable Geometric structures for construction 
camp at DS2P, vehicles. 


Curvilinear road Indistinguishable Vertical and horizontal lines at edges of 
geometric shapes associated with 
construction camp. 


Tans and greys Indistinguishable Light to dark structures and multicolored 
equipment of construction camp, vehicle 
lighting, sky glow. 


Indistinguishable Moderate to coarse. 
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SECTION D. (Continued) 


Comments from item 2. 


Weak construction-related contrasts in the foreground and middleground seen areas (0-5 miles) would occur for the time period specified 
for delivery of drillsite modules. Due to the existing infrastructure in the foreground and middleground area associated with Oliktok and 
Kuparuk, generally weak contrast would be caused by the introduction of temporary structural forms, lines, and colors and colors of lighting 
for construction camp facilities, equipment,vehicles and ice road. Degree of contrast is identified below. 


Degree of Contrast Criteria 

None - The element contrast is not visible or perceived. 

Weak - The element contrast can be seen but does not attract attention. 

Moderate - The element contrast begins to attract attention and begins to dominate the characteristic landscape. 
Strong - The element contrast demands attention, will not be overlooked, and is dominant in the landscape. 


BLM 1986, 2008b. 


Additional Mitigating Measures (See item 3) 
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1. Project Name 4. KOP Location 5. Location Sketch 
Bow (T.R.S) See 2020 FEIS - Appendix A: Figure 
2. Key Observation Point (KOP) Name Varies 3.7.1 Visual Resource Analysis Area 
Foreground-MiddlegroundViews 

3. VRM Class at Project Location (Lat. Long) 

Non-BLM Managed Lands Varies 


SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 
1. LAND/WATER 2. VEGETATION 


3. STRUCTURES 


Hh. 


Planar horizontal land, lakes and ponds. __| Planar horizontal surface of grasses in None 
summer turning to snow cover for 9-10 


months.. 


Strongly horizontal land, lakes, and 
ponds.. 


Horizontal surface of grasses in summer 
turning to snow cover for 9-10 months. 


Very light to medium tan earth. Water Light to medium green turning to tan to 
reflecting colors of sky in summer turning | brown grasses in summer and uniform 
to snow cover for 9-10 mo snow cover for 9-10 months 


Smooth land, lakes, and ponds Smooth grasses and snow cover 


SECTION C. PROPOSED ACTIVITY DESCRIPTION 


1. LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar pads and roads Geometric patterns of present and absent | Strongly planar vertical and horizontal 
grasses. drill and valve structures. Cylindrical 
tanks. Geometric roads, pads, vehicles. 


Horizontal pads and curvilinear roads Horizontal and angular lines at edges of | Strongly vertical and horizontal lines. 
geometric shapes. Vertical and horizontal lines at edges of 
geometric shapes 


Tans and greys Greens, tans, and greys. Light to dark orange structures and 
multicolored equipment. White, blue, and 
red facility, vehicle lighting, sky glow. 


Smooth. Smooth to coarse at a distance. Moderate to coarse. 


SECTION D. CONTRAST RATING SHORT TERM ¥ LONG TERM 


VEGETATION STRUCTURES 2. Does project design meet visual resource 
ie) (2) (3) management objectives? Yes _ No 
DEGREE (Explain on reverses side) 
OF 
CONTRAST 


STRONG 
MODERATE 

STRONG 
MODERATE 

STRONG 
MODERATE 


3. Additional mitigating measures recommended 
Vv Yes No (Explain on reverses side) 


LINE 


Evaluator’s Names Date 
Merlyn Paulson/ Chris Bockey 01/09/2020 
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SECTION D. (Continued) 
ne a SS ee 
Comments from item 2. 


Strong construction-related contrasts in the foreground and middieground seen arses (0-5 miles) would occur Tor the 10-1 +yeer time 
period specified (Chapter 2.4.6.10.2) for drilling and from the presence of drill rigs and construction euuipment. Strong contrast would be 
caused by the structural forms, lines, and colors and colors of lighting for facilities, equipment, and vehicles. Thess noticeabi= forms and 
lines are required for function and the highly contrasting colors are needed for safety in the region's Sxtrem= wesiher conditions. Thus, they 
would cause strong contrasts in the characteristic landscape and mitigations of color would not be feasibic. 


Dark Sky BMP Re: down-shielded lighting — This BMP would limit direct (line-of-sight) visibility of the standard Oshe-mandaies lighting at 
facilities. However, down-shielding in snow cover conditions is known to increase refieciiveness loward the Sky anc the TeSsutiamt sky Blow 
and light dome would cause problematic navigation issues for humans and fauna. 


Strong contrasts would be reduced to moderate and then weak during the operations, maintenance, and Teciamation phases of the proweci. 


These phases would be portrayed by pads, roads, pipelines, and vehicles, and, eventually, less-noticsabie jorms, imes, and colors in ihe 
landscape. 


nO eS eee 
Additional Mitigating Measures (See item 3) 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 
VISUAL CONTRAST RATING WORKSHEET 


District Office: Arctic 
Field Office: 


Land Use Planning Area: 


SECTION A. PROJECT INFORMATION 


1. Project Name 4. KOP Location 5. Location Sketch 
ow (T-R.S) See 2020 FEIS - Appendix A: Figure 

2. Key Observation Point (KOP) Name Varies 3.7.1 Visual Resource Analysis Area 
Background-Seldom Seen Views 

3. VRM Class at Project Location (Lat. Long) 

Non-BLM Managed Lands Varies 

SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 
1, LAND/WATER 


Planar horizontal land, lakes and ponds. __| Planar horizontal surface of grasses in Strongly planar vertical and horizontal 
summer turning to snow cover for 9-10 drill and valve structures. Cylindrical 
months.. tanks. Geometric roads, pads, vehicles. 


Strongly horizontal land, lakes, and Horizontal surface of grasses in summer _| Strongly vertical and horizontal lines. 
ponds.. turning to snow cover for 9-10 months. Vertical and horizontal lines at edges of 


geometric shapes 


4 
e) 
jem 
jaa 
=) 
& | Very light to medium tan earth. Water Light to medium green turning to tan to Light to dark orange structures and 
5 
S) 
~ 
i 


reflecting colors of sky in Summer turning | brown grasses in summer and uniform multicolored equipment. White, blue, and 
to snow cover for 9-10 mo snow cover for 9-10 months red facility, vehicle lighting, sky glow. 


» | Smooth land, lakes, and ponds Smooth grasses and snow cover Moderate to coarse. 


SECTION C. PROPOSED ACTIVITY DESCRIPTION 
1, LAND/WATER 2. VEGETATION 3. STRUCTURES 


Flat, planar pads and roads Geometric patterns of present and absent | Strongly planar vertical and horizontal 
grasses. drill and valve structures. Cylindrical 
tanks. Geometric roads, pads, vehicles. 


Horizontal pads and curvilinear roads Horizontal and angular lines at edges of | Strongly vertical and horizontal lines. 
geometric shapes. Vertical and horizontal lines at edges of 
geometric shapes 


a4 
e) 
iss 
ea) 
ah, 
| Tans and greys Greens, tans, and greys. Light to dark orange structures and 
fe) 
1S) 
aD 
ee 


multicolored equipment. White, blue, and 
red facility, vehicle lighting, sky glow. 


Smooth. Smooth to coarse at a distance. Moderate to coarse. 


SECTION D. CONTRAST RATING — SHORT TERM ¥ LONG TERM 
d) (2) (3) management objectives? ____Yes No 
DEGREE (Explain on reverses side) 


OF 
CONTRAST 


STRONG 
MODERATE 

STRONG 
MODERATE 

STRONG 
MODERATE 


3. Additional mitigating measures recommended 


___No_ (Explain on reverses side) 


Date 


01/09/2020 


ELEMENTS 
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SECTION D. (Continued) 


Comments from item 2. 
Overall contrast would diminish based on viewer location and proximity to existing drilling infrastructure in the area of Kuparuk. 


In viewing areas distant from the area of Kuparuk, moderate to weak construction-related contrasts in the background and seldom seen 
areas (5-15 and greater miles) would occur for the 10-11-year time period specified (Chapter 2.4.6.10.2) for drilling and from the presence 
of drill rigs and construction equipment. Moderate contrasts would be caused by the structural forms, lines, and colors and colors of 
lighting for facilities and vehicles. 

These noticeable forms and lines are required for function and the highly contrasting colors are needed for safety in the region’s extreme 
weather conditions. Thus, they would cause moderate contrasts in the characteristic landscape and mitigations of color would not be 
feasible. 

Dark Sky BMP Re: down-shielded lighting — This BMP would limit direct (line-of-sight) visibility of the standard Osha-mandated lighting at 
facilities. However, down-shielding in snow cover conditions is known to increase reflectiveness toward the sky and the resultant sky glow 
and light dome would cause problematic navigation issues with humans and fauna. 


Moderate contrasts would be reduced to weak during the operations, maintenance, and reclamation phases of the project. These phases 
would be portrayed by pads, roads, pipelines, and vehicles, and, eventually, less-noticeable forms, lines, and colors in the landscape. 


Additional Mitigating Measures (See item 3) 
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List of Acronyms 


cfs cubic feet per second 

CPAI ConocoPhillips Alaska, Inc. 

HDD horizontal directional drilling 

MBI Michael Baker International 

mm millimeters 

NAVD88 North American Vertical Datum of 1988 
NWS National Weather Service 

Project Willow Master Development Plan Project 
RM river mile 

USGS U.S. Geological Survey 

VSM vertical support member 

WSE water surface elevation 


Glossary Terms 


Bottom-fast ice — Ice that is attached to the waterbody or sea floor and is relatively uniform in composition and 
immobile during winter (also known as bedfast, ground-fast, fast, shorefast, or landfast ice). 


Discharge — The rate at which a given volume of water passes a given location within a specific period of time 
(e.g., cubic feet per second or gallons per minute). 


Rolligon — A type of wheeled, low-impact off-road vehicle frequently used on the North Slope for tundra or snow 
travel; it can be configured to suit a variety of industrial and construction needs. 


Stage — The vertical height of the water above an established but usually arbitrary point. Sometimes zero stage 
corresponds to the riverbed but more often to just an arbitrary point. 


Water surface elevation — The elevation of the water surface of a river, lake, or stream above an established 
reference or vertical datum. 
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1.0 WATER RESOURCES 


1.1 General Flow Characteristics of Rivers and Streams in the Analysis Area 
Freeze-up often begins with ice forming along the shoreline and ice pans floating down the river. As freeze-up 
continues, the ice cover spreads across the stream and in shallow locations the entire water column freezes. 
Stream flow during the winter on the North Slope is generally so low that it is not measurable and is often 
nonexistent. In late May or early June there is a rapid rise in discharge resulting from snowmelt runoff, a period 
generally referred to as spring breakup. More than half the annual discharge for a stream can occur during spring 
breakup, a period of several days to a few weeks. Extremely large areas can be inundated in a matter of days as a 
result of rapid snowmelt combined with ice- and snow-blocked channels. Most streams continue to flow through 
the summer but at substantially lower discharges. Rainstorms can increase streamflow temporarily, but they are 
seldom sufficient to produce a discharge comparable to that which occurs during the average spring breakup. 
Streamflow rapidly declines in most streams shortly after the onset of freeze-up in September and ceases in most 
streams by December. 


1.1.1 Influence of Climate Change on Flow 


Although climate change is occurring, it is unknown how it might impact flood-peak magnitude and frequency in 
the Arctic. The National Weather Service (NWS) evaluated the potential for statistically significant trends in the 
1-day and |-hour annual maximum daily precipitation data for Alaska (for stations that had at least 40 years of 
data), which are often used to predict flood-peak discharge (Perica, Kane et al. 2012). There was no trend in 1- 
hour annual maximum precipitation for the 12 stations with 40 years of record. Of the 154 stations with 40 years 
of 1-day annual maximum precipitation data, 85% had no statistically significant trends, 8% had a positive trend, 
and 7% had a negative trend. Spatial maps did not reveal any spatial cohesiveness in positive and negative trends. 


U.S. Geological Survey (USGS) evaluated the flood-peak data set used to develop regression equations to predict 
flood-peak discharge throughout Alaska (Curran, Barth et al. 2016). Statistically significant trends were detected 
at 43 of the 387 stream gages evaluated. Of the 43 stream gages with significant trends, 22 had increasing trends 

and 21 had decreasing trends. 


Although precipitation levels are projected to increase, the longer, warmer summers may increase 
evapotranspiration. An increase in evapotranspiration may result in a net loss in surface water by the end of the 
summer season, which could affect the size, depth, and areal extent of thaw lakes. Increases in winter 
precipitation may have some effect on lake recharge and peak snowmelt runoff in rivers and streams. 


1.2 Hydrology of Rivers and Streams in the Willow Area 


1.2.1 Colville River* 

The Colville River is the largest north-flowing river in the U.S. and drains an area of about 23,600 square miles. 
It originates in the DeLong Mountains of the Brooks Range and generally follows a west-east flow corridor until 
reaching Umiat, where it turns north and flows into Harrison Bay in the Beaufort Sea. 


Discharge and stage data are available for several locations on the Colville River. The closest gaging stations to 
Ocean Point (approximately river mile [RM] 46.5) are at Umiat (RM 117) and Monument | (RM 26.5), Figure 
3.8.2. Although neither of these existing gages measures winter flow at Ocean Point, Umiat is more closely 
representative of Ocean Point than Monument | because Umiat is upstream of the influence of saltwater intrusion 
and tidal backwatering from the Colville River Delta and Monument 1 is not. Seventeen years of stage and 
discharge have been measured at the USGS Umiat gaging station 15875000 (Tables E.8.1 and E.8.2). The average 
monthly mean discharge at Umiat in winter (December through April) ranged from 83 to 4.1 cubic feet per second 
(cfs) from 2002 to 2021 (USGS 2022), as shown in Table E.8.1. (The range of mean monthly discharge for 
December through April was 132.2 to 0.0 cfs; Table E.8.1.) During that time, the minimum recorded average 
daily winter discharge varied from 0.0 cfs (2003 through 2009) to 20.0 cfs (2019) (USGS 2022). The annual 
spring peak discharge occurred between May 22 and June 10, with a median date of June 1. The time from the last 
day of minimum flow to the annual spring discharge varied between 12 and 47 days, with a median time of 

24 days. The annual spring peak discharge varied from 73,000 to 268,000 cfs, with a median of 177,800 cfs. Note 
that the Colville River is more than 2,000 feet wide at Umiat and that by late winter the flow is contained to a 
very small channel within that width. In other words, the ice across 99% of the channel is frozen to the bottom, 
but somewhere within that width there is a very small channel with flow. 
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Table E.8.1. Colville River Mean Monthly Discharge (cubic feet per second) at Umiat* 


ND 

2003 1G 3.6 0 0 0 690 | 65,690 | 24,030 | 31,800 

2004 6.9 a) 0.2 0 40,890 | 24,940 | 15,310 [ 24.870 

2005 20.8 42 <0.1 0 12,830 | 72,480 | 13,920 | 4,143 | 
18 


| 2006 A 0.1 0 0 | 22,010 | 37,120 | 21,940 | 33,560 
2007 A Sv 0.9 0 4,179 | 50,530 | 12,140 | 17,820 


2008 all! 0.7 0 0 17,260 | 46,530 | 12,900 | 10,770 
2009 15.0 0 0 3.0 36,940 45,050 | 13,890 | 13,440 
2010 36.5 1339 lledl 0.5 17,280 | 48,760 | 10,370 | 15,720 


[ 2011 35.5 9.7 11 0.4 | 37.790 | 31,190 | 13,170 | 11,330 

2012 mile92 11.0 1.9 0.5 16,680 | 41,910 | 16,970 | 14,860 
2013 16.4 3.9 2.0 1.0 6,434 | 83,970 | 10,530 | 10,290 | 11,750 |_ 1,475 509 130.7 
2014 25.9 ae 6.0 6.0 91 133,290.) 72,180: 029,820. |. 10,130. | 16,140. | 1215 Siiy T 89.9 
[ 2015 45.2 29.0 16.8 120 | 62,410 | 17,010 | 8,243 | 22,250 | 11,550 | 1,504 | 276 65.5 

[ 2016 24.4 10.1 7 28 | 47.460 | 32,660 | 14,540 27,290 | 15,310 | 4,868 | 405 64.4 
2017 16.0 3.8 1.2 1.0 | 12,070 | 26,220 | 13,110 | 36,370 | 25,900 | 6403 | 448 86.5_| 
2018 24.9 6.0 | 12,220 | 47,610 | 26,970 | 30,330 | 23,280 | 3,122 | 343 67.1 
2019 22.6 20.0 | 36,180 | 18370 | 12,380 | 38,990 | 15,500 | ND ND ND 
2020 9.0 106,013 | 23,807 | 12,248 [ 19.911 | 23,106 [13,.442.0| 370.3 | 69.0 _| 


Arjan [WEA 


pe fa fae 28,022.0 | 43,179.7 | 16,162.5 | 20,795.4 14,845.8 | 3,568.1 
12.3 6.5 5.1 34,576 | 39,029 | 16,599 | 22,090 | 17,975 3,891 354.2 84.5 

2010 to Sep 2021 

Source: USGS 2022 


Note: ND (no data); < (less than); Sep (September). No incomplete data have been used for statistical calculations. 
Peak Discharge for the Colville River at Umiat* 


Table E.8.2. Summary of Annual Minimum and S g 
First Date of Last Date of Minimum Flow Annual Spring Annual Spring Minimum Flow 
Year Minimum Flow Minimum Flow Discharge Peak Stage Date Peak Discharge to Spring Peak 


PASTE 


Average 
monthly mean 
discharge Sep 
2002 to Sep 2021 
Average 
monthly mean 
discharge Sep 


24.1 


(month/day) (month/day) (i3) (month/day) (cfs) Discharge (days) 
2003 1/19 5/08 0 6/10 213,000 33 
2004 3/06 5/09 0 (aes (dane 2222,000 a TS 5 
2005 3/02 ae 0 6/08 161,000 35 
2006 | 2/04 5/09 0 | 530 173,000 eee 21 Ee 
2007 3) es 5/17 a 0 605i 183,000 19 
2008 2/07 5/16 0 Fel 5/28 108,000. | 12 
2009 1/29 4/21 eae 0 6/07 a ENT 52:00 47 F] 
2010 3/20 5/19 0.5 er ct 186,000 13 
2011 3/21 4/23 2m 0.3 5/29 [| __ 230,000 36 aa 
2012 3/22 5/15 0.5 6/02 177,000 18 
2013 4/04 — 5/22 1.0 at 6/04 [243,000 13 al 
2014 3/01 5/05 6.0 5/31 195,000 26 
2015 3231 male 5/08 12.0 5/21 268,000. | 13 eal 
2016 4/12 4/30 2.5 5/25 iukian a ANT 93-000 25 
2017 [aaa /06 aaa | 5/09 1.0 eS G02 73,000° 24 
| 2018 3/30 mE (02 | 6.0 6/01 112,000 28 
135,000 


Source: USGS 2022 
Note: cfs (cubic feet per second) 
*The peak discharge of 82,000 cfs occurred on 8/19. 


From January 2003 through January 2009, mean monthly minimum winter flows of 0.0 cfs were recorded. From 
March 2010 to the present, no flows of 0.0 cfs have been recorded in the gaging station record. However, the lack 
of recorded 0.0 cfs flows may be due to the 2010 change in the USGS offices responsible for the site, including a 
difference in procedures and more frequent late-winter site visits (M. Schellekens [USGS], personal 
communication to Ken Karle, Hydraulic Mapping and Modeling. January 31, 2020). 
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Direct stream discharge measurements are required to create a gaging station rating curve, which converts stage 
(water height) into discharge. The USGS maintains a database of 155 discharge measurements made at Colville 
River Gaging Station 15875000 at Umiat between March 1, 1953, and October 18, 2019. December through April 
winter measurements are provided in Table E.8.3 (USGS 2022). 


Table E.8.3. Winter Field Discharge Measurements at Umiat, U.S. Geological Survey Gaging Station 
15875000 


Measurement Number Date Streamflow (cfs) Ice Cover Measurement Rating? 


a a Unspecified 
Poor 
16 2/23/2004 Poor 
26 
27 23.4 Yes 


44 12/4/2006 118 Yes Fair 
45 22.4 Yes Poor 
46 3/27/2007 0 Yes 
52 12/12/2007 81.0 Yes Fair 
WKS, Yes Poor 


iA Yes 


1/26/2016 Yes xf Poor 

3/14/2016 Yes Poor 
Yes Fair 
1.0 Yes Poor 
Poor 
Poor 
Poor 


Source: USGS 2022 

Notes: cfs (cubic feet per second). Table shows all the published data from December through April data for the time period listed for USGS Gaging Station 
15875000. 

“The measurement rating is used to describe the relationship between stage (water surface elevation) and discharge. An equation is used to describe the curve, 
since it changes constantly as the riverbed changes. Winter measurements are not used to help construct the measurement rating curve, as the stage 
measurements are unreliable due to the presence of ice. The measurement rating is not a rating of the accuracy of the data. 


Downstream from Umiat, the probability of having flow in every month of the year increases as the drainage area 
increases. Similarly, the magnitude of the flow is likely to increase roughly proportional to the drainage area 
increase. Thus, when the average monthly mean April flow is 3.1 cfs at Umiat, where the drainage area is 
approximately 13,860 square miles, the average monthly mean April flow may be 1.5 times than that near Nuiqsut 
(4.7 cfs), where the drainage area is 20,670 square miles. Therefore, the flow at Ocean Point is likely higher than 
the flow at Umiat. 


Ocean Point is located at a distinct transition of the Colville River channel pattern. Starting approximately 

40 miles upriver from Ocean Point, the Colville, joined by several tributaries within the reach (Anaktuvuk River, 
Kogosukruk River, and Kikiakrorak River), flows north in a wide floodplain with two dissimilar side-by-side 
channel patterns. The main channel system on the west side includes interconnected distributary channels within a 
sparsely vegetated floodplain that includes depositional longitudinal and transverse bars. On the right side, 
multiple smaller channels take the form of serpentine (scroll) meanders, with extensively developed riparian 
vegetation. Five miles upstream from Ocean Point, the river enters a sweeping 180-degree right-hand bend. 

At Ocean Point, the river transitions to a single meandering channel, although remnant abandoned channels are 
readily apparent in aerial imagery. The river remains primarily in a single channel for another 20 miles to the east 
and northeast before entering the Colville River Delta. 
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Available data specific to the Colville River at Ocean Point are summarized in Table 3.8.4. Although the data are 
limited, Ocean Point has been used as a rolligon crossing for a number of years by various users (users are 
described in Section 3.14, Land Ownership and Use) because the area is shallow and has the potential for 
bottom-fast ice. 


Table E.8.4. Water Data for the Colville River at Ocean Point 
Flow or Ice Conditions Water Salinity Source 
Temperature (() 09) 
(degrees C) 


December Ice not grounded, approximately 2 to 3 feet water depth under the NC NC J. Winters [ADF&G], 
10, 2007 ice. personal communication to 
| _|DOWL. January 16, 2020. 
April 4, 2019 | Grounded ice to 0.7-foot water depth, 0.5 to 6.2 feet ice thickness. ee NC NC CPAI 2019b 
September 5, | 28,900 cubic feet per second. Open channel conditions. Average 9.8 to 10.0 0.1 |MBI2019 rag 
2019 water depth 5.7 feet. 
December _ [Ice grounded near both banks. Floating ice thickness is 2.8 feet. 0.1 ‘| 0.2 | CPAI 2019b 4 
Sie20195 Approximately 1.2 to 2.2 feet of water under the ice. Velocity is 
0.15 to 0.25 feet per second. wie 
February 25, | Ice grounded at both banks and in the middle of the channel. ta 0.4 0.26 CPAI 2020, MBI 2020a pn 
2020? Water columns are less than 1.3 feet deep. Floating ice thickness 
__|is 4.6 feet. 
March 10, Ice not grounded, approximately 4.6 feet water depth under the -0.1 mi 0.47 CPAI 2022; MBI 2021 
2021 ice. Floating ice thickness is 5.5 feet. Velocity is 0 feet per second. 


=| ie eS 
Note: ADF&G (Alaska Department of Fish and Game); C (Celsius); CPAI (ConocoPhillips Alaska, Inc.); NC (not collected); ppt (parts per thousand). Data 
collected at similar, but not the same, locations near Ocean Point. 
“More data for this date are provided in Table E.8.5. 


Michael Baker International (MBI) collected field data at two potential crossing locations on the Colville River 
near Ocean Point (Figure E.8.1). Data included cross-sectional river bottom profiles, discharge, velocity, water 
depth, water surface elevation (WSE), site conditions, and general in situ water quality parameters (Michael 
Baker International 2020b). Soil active layer depths were also investigated for both banks of each crossing. Table 
E.8.5 summarizes the discharge measurements for Ocean Point at two locations and the coincident discharge at 
USGS Gaging Station 15875000 at Umiat. 


Table E.8.5. Summary of Discharge Data Collected a 


Ocean Point Date Time Measured 


t Ocean Point in 2019, 2020, and 2021 


Measured Average Measured _ Coincident Discharge 
Area (square Velocity Discharge at USGS Gaging 


hfe ig unten 58] feet) (feet/second) __ (cfs) Station 15875000 (cfs) 
1 September 5, 2:50 p.m. 1,270 7,570 3.0 29,068 19,900 
| 2019 5) ne 
6 (8.5 miles September 5, 4:50 pm. | 1,803 6,189 2.83 28,874 RG 19,600 | 
downstream of | 2019 | 
Transect 1) i 
1 ‘| December 31, | 12:00 Se 650s Ss0um i a0. 135 Unavailable 
2019 a 
1 | February 25, | Unavailable 304 228 0.04 9 Unavailable 
2020 ill 
nash 
ig February 17, 12:15 p.m. 450 = 495 0.03 =F 13.8 ok Unavailable | 
2021 
1 ~ | March10, | 11:17am. sel 55 NEN) en Oe ~ Unavailable | 
2021 Ee ey | 


Source: CPAI 2022; MBI 2019, 2020b, 2021; USGS 2022 

Note: cfs (cubic feet per second); USGS (U.S. Geological Survey). 

Based on the data available for Ocean Point and Umiat, discharge at Ocean Point was estimated using the 
drainage-area ratio method (Emerson, Vecchia et al. 2005) commonly used to estimate individual streamflow 
discharges for sites where no streamflow data are available using data from one or more nearby gaging stations 
(Table E.8.6). More information on how this estimate was developed is in Karle (2020) and USGS (2022), 
provided as Appendix E.8B, Ocean Point T echnical Memorandums. 


Table E.8.6. Estimated Colville River Mean Monthly Discharge (cubic feet per second) at Ocean Point 

Jun Jul Aug Sep 
41.3 18.3 OF) nS Susie: 57,762 
Note: Estimate based on mean monthly discharge at Umiat, 2010-2021 (USGS 2020) using the drainage-area ratio method (Emerson, Vecchia et al. 2005). 
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® 


Row 


Michael Baker Intemational 20149-2020 
ConocoPhillips 0 025 05 Michael Baker | 3900 C Street, Suite 900 Alpine ice Road H&H 
— Michael Baker BPS eee gence Ocean Point 
fia’ INTERNATIONAL — Phone: (907) 273-1600 
Fax: (907) 273-1698 


Source: MBI 2019 
Figure E.8.1. Ocean Point Data Collection Locations 


1.2.2 Fish Creek 

Fish Creek has its headwater in the Arctic foothills and flows into Harrison Bay just east of the Colville River 
Delta. It has a drainage area of approximately 836 square miles, including its major tributaries: Judy (Kayyaaq) 
Creek, Judy (Igalliqpik) Creek, and the Ublutuoch (Tinmiaqsiugvik) River (Figure 3.8.1). The Willow Master 
Development Plan Project (Project) would cross or come near to all of these tributaries, which are described 
below. 


The Project would cross Fish Creek at approximately RM 55.5, where the bankfull width is approximately 330 
feet, the average bankfull depth is approximately 4.5 feet, and the depth to thalweg is approximately 6.4 feet 
(CPAI 2018b). 


Spring breakup stage and discharge have been measured in Fish Creek for 17 years at RM 32.4 (Table E.8.7) (J. 
Aldrich [Arctic Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 
2018), about 22.8 RMs downstream from the proposed infrastructure. During that time, water began to flow 
between May 12 and June 5, with a median date of May 27. The annual peak discharge occurred between May 23 
and June 18, with a median date of June 9. In 6 out of 17 years the peak stage occurred earlier and was higher than 
the stage at the time of the peak discharge. The largest difference between the peak stage and the stage at the peak 
discharge was 1.51 feet. The time from the beginning of flow to the peak discharge varied between 6 and 24 days, 
with a median time of 11 days. The annual peak discharge varied from 2,040 to 5,400 cfs, with a median of 3,370 
cfs. Freeze-up data were collected in 14 of the 17 years. During that time, freeze-up occurred between October 4 
and October 30, with a median date of October 17. 
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Table E.8.7. Summary of Annual Peak Stage and Annual Peak Discharge for Fish Creek at River Mile 32.4 


Date of Annual Peak selene’ Annual Peak Annual Peak Annual Peak Zero Flow to 


eee Sa Discharge Discharge Discharge Peak Q 


stage) ae a0 Date (m/d) Stage (ft) (cfs) (GENS) 


Year ee cia Freeze-Up Stage Date 
8 (m/d) (m/d) 


N/A 5/27 22.42 3,685 5/27 22.42 3,685 

10/Te 6/12 23.87 3,470 6/12 23.87 
10/30 e 6/9 23.48 4.410 6/9 23.48 4,410 
10/10 e 6/6 21.74 1,040 6/1 21.44 2,800 
10/16 e 6/12 DD 3,170 6/12 MP? 3,170 
10/17 e 6/9 20.57 2,200 6/9 20.57 2,200 
5) 10/4e 6/6 20.12 2,270 6/6 20.12 2,270 
10/13 6/3 21.49 3.240 6/3 21.49 3,240 
10/8 23.50 3,730 6/9 23.50 3,730 
2011 5/28 6/8 21.61 2,610 
2012 5/25 10/20 6/6 2295 2,720 6/11 21.93 3,510 
2013 531 10/17 6/12 23.98 5,400 6/12 23.98 5.400 
2014 5/15 10/17 5/20 22.35 2,290 6/8 a 3,370 
2015 5/17 10/8 5/23 24.14 4,830 5/23 24.14 4,830 


2016 5/12 10/21 2a | 20.10 1,470 5/31 20.08 2,040 
5/2 7a nN 6/2 21.00 1,510 6/7 20.96 2,740 
Source: J. Aldrich [Arctic Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 2018 


Note: cfs (cubic feet per second); d (day); e (estimate); ft (feet); m (month); N/A (not available); Q (discharge). Coordinates of the site (NAD27): 70.2706, - 
151.8692. 


The Fish Creek channel is relatively low gradient and highly sinuous. Undercut stream banks and bank sloughing 
are common along the outside of meander bends (URS Corporation 2003). The riverbed appears to be very 
mobile. The river banks and bed of Fish Creek are composed of a mixture of sand and silt, with a median riverbed 
grain size of 0.13 millimeter (mm) at RM 25.1 and 0.037 mm at RM 32.4 (URS Corporation 2001). During the 
2001 spring breakup, the maximum observed change in riverbed elevation was 5 feet at RM 25.1 and 7 feet at RM 
32.4 (URS Corporation 2001). During the 2002 spring breakup, the maximum observed change in riverbed 
elevation was 3 feet at RM 25.1 and 1 foot at RM 32.4 (URS Corporation 2003). Figures E.8.2 and E.8.3 present 
the average riverbed elevation in 2001 and 2002 at RM 25.1 and RM 32.4, respectively. Also shown 1s the extent 
of the deviations from the average during those years. 


On May 26, 2002, the discharge, suspended sediment load, and bedload were all measured at RM 25.1. 

The discharge was 8,900 cfs (the same as the annual peak discharge recorded the day before); the bedload was 
423 tons per day; the suspended sediment load was 8,400 tons per day; and the total sediment load was computed 
to be 8,800 tons per day (URS Corporation 2003). The concentration of suspended sediment was 349 milligrams 
per liter. Approximately 6.1% of the bedload was composed of organic material (URS Corporation 2003). 

The median diameter of the mineral portion of the bedload was 0.12 mm and the specific gravity of the mineral 
portion of the bedload was 2.640 (URS Corporation 2003). 


The daily changes in the channel bed that were recorded during the 2001 and 2002 breakups suggest that the bed 
is easily eroded, moved, and shaped by the flow (URS Corporation 2003). The interaction of the water-sediment 
mixture and the sand bed can create different bed configurations, such as ripples, dunes, transition, and antidunes. 
The type of bed form present affects both the hydraulic roughness and the rate of sediment transport, which 
affects the water velocity, the depth of the scour, and the WSE. At RM 25.1, dunes are probably present at 
discharges of 3,100 to 4,800 cfs (URS Corporation 2003). At discharges between 6,100 and 8,900 cfs, both dunes 
and antidunes are probably present (URS Corporation 2003). The antidunes are probably confined to the deepest 
and/or fastest portions of the channel (URS Corporation 2003). As the discharge increases beyond 6,100 cfs, the 
portion of the bed covered by antidunes is likely to increase (URS Corporation 2003). At RM 32.4, both ripples 
and dunes are probably present at discharges of 1,500 to 2,300 cfs (URS Corporation 2003). At discharges 
between 3,100 and 3,700 cfs, dunes are probably the predominant bed form. 
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Notes: 

The 2001 average main channel bed clevation is based on five 
measurements taken on 7, 8, 11, 13 and 15 June. The discharge 
ranged from 3,100 to 6,100 cubic feet per second. 


The 2002 average main channel bed elevation is based on six 
measurements taken on 23, 24, 25, 26, 28 and 31 May. The 
discharge ranged from 4,000 to 8,900 cubic feet per second 


The vertical lines represent the maximum and minimum 
elevations of the main channel bed at select locations across the 
channel. 


2001 Average Main 
Channel Bed Elevation 
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2002 Average Main 
Channel Bed Elevation 


200 


Distance (feet) 


Source: URS Corporation 2003 
Figure E.8.2. Average Riverbed Elevation in Fish (Iqalliqpik) Creek at River Mile 25.1, 2001 and 2002 


Discharge and water surface slope measurements, along with surveyed cross-sections and a water surface profile 
model, were used to estimate hydraulic roughness in the channel on a particular day during spring breakup using 
data collected in both 2001 and 2002. At RM 25.1, the channel hydraulic roughness on the day of the measurements 
was 0.021 in both 2001 and 2002 (URS Corporation 2003). At RM 32.4, the channel hydraulic roughness on the day 
of the measurements was 0.028 in 2001 and 0.030 in 2002 (URS Corporation 2003). At RM 43.3, the channel 
hydraulic roughness on the day of the measurements was 0.027 in both 2001 and 2002. Although the values 
probably change from day to day during breakup and from year to year, the computed values are within the range of 
values one would expect when dunes and antidunes are present on the riverbed (0.014—0.035). Computations of 
hydraulic roughness based on measured discharge and water surface slope, and normal depth computations, on 5 to 
6 days during breakup in both 2001 and 2002 suggested a slightly bigger range in hydraulic roughness values, but 
the values are still within the range one would expect when dunes and antidunes are present (URS Corporation 
2003). 


Seventeen years of summer flow data is available for Fish Creek at RM 32.4 (J. Aldrich [Arctic Hydrologic 
Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 2018) . A summary of the 
available mean monthly discharge data is provided in Table E.8.8. 


In 2018, a monitoring site was established at RM 55.5 (Michael Baker Jr. Inc. 2018). Observations during the 2018 
spring breakup indicated the peak stage (46.25 feet [North American Vertical Datum of 1988]) occurred 0.5 hour 
after the peak discharge (4,400 cfs; WSE 46.03 feet NAVD88) and at a time when the channel was not impacted by 
snow or ice within the channel at the monitoring site (Michael Baker Jr. Inc. 2018). This suggests that the peak stage 
was due to backwater, possibly due to an ice jam downstream. Prior to the peak discharge, WSEs at the monitoring 
site had been impacted by snow and ice in the channel and an ice jam (Michael Baker Jr. Inc. 2018). It was also 
noted that the riverbed was mobile during spring breakup (Michael Baker Jr. Inc. 2018). Figure E.8.4 presents a 
cross-section of the channel showing the discharge measurement. In general, the WSE decreased throughout the 
summer but increased in early September in response to a rain event (Michael Baker Jr. Inc. 2018). Maximum and 
minimum summer WSEs were 43.17 feet NAVD88 (fall rainfall peak) and 40.74 feet NAVD88. 
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24.00 


2001 Average Main 
Channel Bed Elevation 
20.00 


16.00 
Notes: 


The 200] average main channel bed elevation is based on 
five measurements taken on 8, 9, 11, 14 and 16 June. The 
discharge ranged from 700 to 3,100 cubic feet per second 
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12.00 The 2002 average main channel bed clevation is based on 
four measurements taken on 23, 25, 27 and 29 May. The 
discharge ranged from 1.600 to 3,100 cubic feet per second 


* 
4 


I 


2002 Average Main The vertical lines represent the maximum and minimum 
Channel Bed Elevation elevations of the main channel bed at select locations across 
the channel. 


100.0 150.0 200.0 250.0 


Distance (feet) 


Source: URS Corporation 2003 
Figure E.8.3. Average Riverbed Elevation in Fish Creek at River Mile 32.4, 2001 and 2002 


Source: J. Aldrich [Arctic Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 2018 
Note: “—* (no data). 


Observations during the 2019 spring breakup indicated the peak stage of 44.71 feet NAVD88 and an estimated peak 
discharge of 5,100 cfs, both on May 28. Summer stage levels generally remained below peak spring stage. During a 
late summer precipitation event, stage crested at levels observed near the end of spring breakup. The minimum 
recorded summer stage was 40.08 feet NAVD88 on July 20, and the highest recorded summer stage was 42.59 feet 
NAVD88 on August 29 (Michael Baker International 2020b). 
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F 55.5 Profile 


———— Michael Baker Surveyed Cross Section During 
Discharge Measurement (6/17/2018) 


——= UMIAQ Surveyed Cross Section (8/8/2018) 


* Difference between cross sections reflects snow 
and ice in channel during discharge measurement 


| Left Bank 
| V 
Right Bank 


f Discharge Measurement Stage 
Bes Summer Stage (8/12/2018) = 40.74' (6/17/2018) = 44.44' 
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Source: Michael Baker Jr. Inc. 2018 
Figure E.8.4. Cross-Section on Fish Creek at River Mile 55.5 


Table E.8.9 presents flood-peak magnitude and frequency estimates for Fish Creek at RM 55.5 based on the 
Curran et al. (2003) USGS 2003 regression equations (Michael Baker Jr. Inc. 2018). 


Table E.8.9. Flood Magnitude and Frequency in Fish Creek at River Mile 55.5 
Percent Chance of Exceedance in Recurrence Interval 
Any Given Year (“%) (years) 


Annual Peak Discharge 
(Si3) 
10,400 
15,200 
18,200 
21,800 
24,400 
26,900 


Source; Michael Baker Jr. Inc. 2018 


Spring breakup observations have also been made at the following sites: 
¢ RM 0.7 in 2001 (URS Corporation 2001), 2002 (URS Corporation 2003), 2005 (Michael Baker 

International 2005), and 2006 (Michael Baker International 2007) 

RM 10.3 in 2005 (Michael Baker International 2005) and 2006 (Michael Baker International 2007) 
RM 11.7 in 2001 (URS Corporation 2001) and 2002 (URS Corporation 2003) 

RM 12.6 in 2001 (URS Corporation 2001) and 2002 (URS Corporation 2003) 

RM 18.4 in 2001 (URS Corporation 2001) and 2002 (URS Corporation 2003) 

RM 25.1 in 2005 (Michael Baker International 2005) and 2006 (Michael Baker International 2007) 
RM 32.4 in 2005 (Michael Baker International 2005) and 2006 (Michael Baker International 2007) 
RM 43.3 in 2001 (URS Corporation 2001) and 2002 (URS Corporation 2003) 
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Hydraulic designs on Fish Creek should consider the flood-peak data that have been collected on Fish Creek at 
RM 32.4, the highly mobile bed, the impact of ice and snow on annual peak WSEs, and the riverbed forms and 
hydraulic roughness likely to be present at the design discharge. In developing flood-peak magnitude and 
frequency estimates on streams in the Fish Creek basin, the 17 years of data collected at RM 32.4 should be 
considered. Single-station flood-peak magnitude and frequency analyses could be conducted with these data to 
estimate the flood-peak magnitude and frequencies at RM 32.4. A best estimate of the flood-peak magnitude and 
frequency at RM 32.4 could then be developed from a weighted average based on the uncertainty associated with 
estimates from each of two methods: the single-station frequency analysis and the Shell regression equations! 
(Arctic Hydrological Consultants and ERM 2015). The weighted average estimate would then be extrapolated to 
other locations within the basins as a proportion of the Shell regression equation estimate. 


Since the hydraulic roughness is changing throughout spring breakup, when designing structures on this river it 
would be prudent to consider a range of hydraulic roughness values. Higher hydraulic roughness values will 
provide estimates with high WSEs and lower velocities. Lower hydraulic roughness values will provide estimates 
with lower WSEs and higher velocities. Both conditions are important when designing structures within the 
channel and floodplain. 


1.2.2.1 Willow Creek 8 

Willow Creek 8 is a tributary of Fish Creek. It has a meandering, incised channel with intermittent deep, beaded 
pools (Michael Baker Jr. Inc. 2018). The infield road for all action alternatives would cross Willow Creek 8 at the 
MBI TBD. 6 and SW22 monitoring sites, about 1.7 and 3 RMs upstream of the Fish Creek confluence, 
respectively (Michael Baker Jr. Inc. 2018). At the SW22 crossing, Willow Creek 8 has a poorly defined channel 
in a low-lying area of polygon troughs connecting Lake M0305 to an unnamed lake to the south (Michael Baker 
Jr. Inc. 2018). At TBD_6, the Willow Creek 8 channel is incised and well defined. At TBD_6, the bankfull width 
is approximately 32 feet and the average bankfull depth is approximately 4.8 feet (CPAI 2018b). Monitoring sites 
TBD _6 and SW22 were established in 2018. 


Due to low relief and the wide area of possible flow paths, the SW22 gage was not placed in the main flow path, 
and neither peak stage nor peak discharge information was collected during the 2018 spring breakup (Michael 
Baker Jr. Inc. 2018). At TBD_ 6, the peak stage was 52.71 feet NAVD88 and occurred on June 13. At the time of 
the peak stage there was snow and ice in the channel and overbank flooding (Michael Baker Jr. Inc. 2018). It is 
likely that the peak stage occurred prior to the peak discharge (Michael Baker Jr. Inc. 2018). The date and 
magnitude of the peak discharge were not recorded. 


Figure E.8.5 shows a cross-section of the channel at TBD_6, including a cross-section from a June 15, 2018, 
discharge measurement, and the 2018 spring peak stage. The difference in the cross-sections, and the difference 
between the June 13 and 15 WSEs, is an indication of the magnitude of the impact of snow and ice on the peak 
stage and during the likely time of the peak discharge. 


In general, the stage at TBD_6 fell throughout the summer except for fluctuations due to summer precipitation 
events (Michael Baker Jr. Inc. 2018). At the end of the summer monitoring season, the stage increased due to a 
late summer precipitation event (Michael Baker Jr. Inc. 2018). However, the stage remained well below the spring 
breakup peak stage throughout the summer (Michael Baker Jr. Inc. 2018). The maximum and minimum summer 
stages at TBD_6 were 50.18 feet and 49.03 feet NAVD88, respectively (Michael Baker Jr. Inc. 2018). 


During the 2019 spring breakup, the TBD_6 peak stage was 53.72 feet NAVD88 on May 29. A discharge of 90 cfs 
was measured on May 30. The measured summer stage levels remained well below the spring breakup peak stage. 
The stage fluctuations reflected summer precipitation events. The minimum recorded summer stage was 49.07 feet 
NAVD838 on July 30 and the highest recorded summer stage was 50.96 feet NAVD88 on August 28 (Michael Baker 
International 2020b). 


! The Shell regression equations are suggested rather than the 2003 USGS regression equations because considerably more 


North Slope river data were used to prepare the Shell regression equations than the USGS regression equations. 
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TSD_6 Profile 


=——= Michael Baker Surveyed Cross Section During 
Discharge Measurement (6/15/'2018) 


—— UMIAQ Surveyed Cross Section (8/6/2018) 


*Difference between cross sections reflects snow 
and ice in channel during discharge measurement 


Peak Spring Stage (6/13/2018) =52.71'° 


Discharge Measurement Stage (6/15/2018) = 51.36' Right Bank 
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Source: Michael Baker Jr. Inc. 2018 
Figure E.8.5. Cross-Section of Willow Creek 8 at Monitoring Site TBD_6 


1.2.2.2 Judy (Iqalliqpik) Creek 

Judy (Iqalliqpik) Creek has its headwater in the Arctic foothills and flows into Fish (Igalliqpik) Creek at RM 26. 
Much of the Project infrastructure would be within the Judy (Iqalliqpik) Creek basin; Alternatives B (Proponent’s 
Project) and D (Disconnected Access) would cross the main stem of Judy (Igalligpik) Creek at approximately RM 
21.4 (Michael Baker Jr. Inc. 2018). At RM 21.4, the bankfull width is approximately 175 feet and the average 
bankfull depth is approximately 2.0 feet (CPAI 2018b). Several tributaries of Judy (Igalliqpik) Creek are also 
crossed by the infrastructure: Judy (Kayyaaq) Creek, Willow Creek 1, Willow Creek 2, Willow Creek 3, Willow 
Creek 4, and Willow Creek 4A. 


The spring breakup stage and discharge have been measured on the main stem of Judy (Igalliqpik) Creek for 17 
years at RM 7 (J. Aldrich [Arctic Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. 
September 11, 2018) , about 13.3 RMs downstream from the proposed infrastructure (Table E.8.10). The date on 
which water began to flow during that time was between May 11 and June 5, with a median date of May 26. 

The annual peak discharge occurred between May 18 and June 10, with a median date of June 5. In 6 out of 

17 years the peak stage occurred earlier and was higher than the stage at the time of the peak discharge. 

The largest difference was 2.39 feet. The time from the beginning of flow to the peak discharge varied between 

1 and 12 days, with a median time of 8 days. The annual peak discharge varied from 2,250 to 9,210 cfs, with a 
median of 4,770 cfs. Freeze-up data were collected in 14 of the 17 years. During that time, freeze-up occurred 
between September 20 and October 11, with a median date of September 26. 


Judy (Igalliqpik) Creek has a relatively low gradient and a highly sinuous channel. Undercut stream banks and 
bank sloughing are common along the outside of meander bends (URS Corporation 2003). The Judy (Igalligpik) 
Creek riverbed appears to be very mobile. The river banks and bed are composed of a mixture of sand and silt, 
with a median riverbed grain size of 0.17 mm at RM 7 (URS Corporation 2001). During the 2001 spring breakup, 
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the maximum observed change in riverbed elevation at RM 7 was 5 feet (URS Corporation 2001). During the 
2002 spring breakup, the maximum observed change in riverbed elevation at RM 7 was 2 feet (URS Corporation 
2003). Figure E.8.6 presents the average riverbed elevation in 2001 and 2002 at RM 7 and the deviations from 
average during those years. 


Table E.8.10. Summary of Annual Peak Stage and Discharge for Judy (Igalliqpik) Creek at River Mile 7 


Annual Peak 
Annual Peak Stage 


Dateof Annual Peak Annual Peak Annual Peak Annual Peak Zero Flow to 


Date Flow 


Year ; Freeze-Up Stage Date ‘ Discharge Discharge Discharge Peak Q 
Begins (m/d) (m/d) aa oe eee Date (m/d) _ Stage (ft) (cfs) (days). 
2001 6/5 N/A 6/10 Odell N/A 6/10 Diol! 5,590 5 
2002 5/18 N/A 5/25 26.81 N/A 5/25 26.81 7,150 7 
2003 5/31 9/25 6/6 28.00 N/A 6/6 25.61 4,720 i 
2004 1 5/18 9/26 5/26 28.55 N/A 6/5 26.62 4,770 8 
2005 6/2 9/26 6/6 27.47 N/A = 6/10 299 4,400 8 
[2006 5/26 10/5 5/30 26.00 N/A 6/7 24.97 3,930 12 
2007 ae 5/26 9/23 6/5 25.40 N/A 6/5 mi 25.40 4,560 10 


2008 5/22 9/29 5/29 24.93 N/A 


[2009 ia: 9/23 IG 25.16 N/A 5/28 24.78 2,250 10 a 
2010 6/2 9/26 6/8 27.95 N/A ie 6/8 Hal 27.95 9,210 6 


2011 5/30 10/1 5/31 30.05 N/A 
2012 5/26 10/9 6/5 26.86 N/A 5 
[2013 5/31 9/26 6/9 26.86 N/A 6/9 26.86 6,300 10 

2014 5/14 10/10 5/18 30.07 N/A 5/18 30.07 5,410 4 

[Zul 5/18 9/20 5/22 29.21 é 

2016 5/11 10/11 5/22 : 

2017 5/26 N/A 6/3 25.85 N/A | 6/3 25.85 4,070 8 
Source: J. Aldrich (Arctic Hydrologic Consultants), personal communication to Richard Kemnitz (BLM). September 11, 2018 


Note: cfs (cubic feet per second); d (day); e (estimate); ft (feet); m (month); N/A (not available); Q (discharge); RM (river mile). The coordinates of the site 
(NAD27): 70.2206, -151.8352). 
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The 2002 average main channel bed elevation ts based on 
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2001 Average Main elevations of the main channel bed at select locations 


: : : across the channel 
Channel Bed Elevation 
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Source: URS Corporation 2003 
Figure E.8.6. Average Riverbed Elevation for Judy (Iqalliqpik) Creek at River Mile 7, 2001 and 2002 
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The daily changes in the channel bed that were recorded during the 2001 and 2002 breakups suggest that the bed 
is easily eroded, moved, and shaped by the flow (URS Corporation 2003). At RM 7, dunes are probably present at 
discharges on the order of 2,300 cfs (URS Corporation 2003). At discharges between 3,200 and 7,000 cfs, both 
dunes and antidunes are probably present (URS Corporation 2003). The antidunes are probably confined to the 
deepest and/or the fastest portions of the channel (URS Corporation 2003). At discharges above 7,000 cfs, it is 
likely that antidunes cover the bed (URS Corporation 2003). 


Discharge and water surface slope measurements, along with surveyed cross-sections and a water surface profile 
model, were used to estimate hydraulic roughness in the channel on a particular day during spring breakup using 
data collected in both 2001 and 2002. At RM 7 the channel hydraulic roughness on the day of the measurements 
was 0.014 in 2001 and 0.024 in 2002 (URS Corporation 2003). At RM 13.8 the channel hydraulic roughness on 
the day of the measurements was 0.020 in 2001 and 0.024 in 2002 (URS Corporation 2003). Although the values 
probably change from day to day during breakup and from year to year, the computed values are within the range 
of values one would expect when dunes and antidunes are present on the riverbed (0.014—0.035). Computations of 
hydraulic roughness based on measured discharge and water surface slope, and normal depth computations, at 
RM 7 on several different days suggest that in 2001 the hydraulic roughness during ice- and snow-impacted 
conditions varied from 0.022 to 0.028 (URS Corporation 2003). Similar computations during open-water 
conditions in 2001 and 2002 suggest that the hydraulic roughness varies from 0.13 to 0.022. 


Seventeen years of summer flow data is available for Judy (Iqalliqpik) Creek at RM 7 (J. Aldrich [Arctic 
Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 2018) . A summary 
of the available mean monthly discharge data is provided in Table E.8.11. 


Table E.8.11. Mean Monthly Discharge (cubic feet per second) in Judy (Iqalliqpik) Creek at River Mile 7 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


a a Nea AE SN 15 | AN 1s 16 | 129 78 = > 26 
o_o} 9 fg fg ft 273_{ 492 _285_| 16s [155 _| 
Ee a a a OPE STs 00 
2004 (Ri Laie 3 3 0 

2005 07 ea ty Oe mig 0 0 

oe oe Sooes 
879 65 wat UNE AON 
2008 0 }-— 2 ay 715 91 4 Cuiahen OM | 
0 oa 513 904 103 Loe 38 Sev me OR 
0 0 es se ie ae 718 149 113 18 I 0 

0 0 Oto ee net 2250 1,473 167 151 65 See er | 
0 0 a ae RES 132 82 161 86 3 0 

0 0 PE a I Ge 0587 | NGA 170 186 93 8 papa 
wae ea aS eee 1,044 1,469 310 134 166 85 8 

PONS ON aw Omen) Sat oeell 1,268 | 650 BADE as Ba 12 a a 
2S Ca Pa ae Pe ey ae 570 106 358 308 41 0 

OE aes | LO es Ona See ON a0 [1 65.c Le S57 | 14a 5120] 753 600 So Raa aes ae | 


Source: J. Aldrich (Arctic Hydrologic Consultants), personal communication to Richard Kemnitz (BLM). September 11, 2018 
Note: “—‘* (no data ). 


At RM 13.8, spring breakup peak WSEs have been measured periodically since 2001 (Table E.8.12). 


Table E.8.12. Historical Peak Stage in Judy (Igalliqpik) Creek at River Mile 13.8 


Year Peak Stage (feet BPMSL) Date 
2019 35.81 5/27 
2018 37.09 6/6 
2017 34.68 6/4 
2006 35.56 5/30 
Bie2D 6/4 
2 36.58 6/6 
2002 35.86 5/25 
2001 39.66 | 6/7 


Note: “—* (no data); BPMSL (British Petroleum Mean Sea Level). Table adapted from Table 4.3 in Michael Baker Jr. Inc. (2018). 


Observations made during the 2018 spring breakup at RM 13.8 indicated the peak stage (37.09 feet NAVD88) 
occurred prior to the peak discharge (4,100 cfs; WSE 36.37 feet NAVD88). On the day of the peak discharge, 
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some intermittent ice floes were observed and considerable snow was present along each bank, but no bottom-fast 
ice was observed (Michael Baker Jr. Inc. 2018). It was also noted that the riverbed was mobile on both the day of 
the peak discharge and 10 days after the peak discharge, and that on the later date a moving bed velocity 
averaging 0.7 feet per second was observed (Michael Baker Jr. Inc. 2018). In 2019, recorded stage data revealed 
multiple spikes followed by declines in stage, indicating ice jams and associated backwater releases upstream of 
the J13.8 reach. 


At RM 21.4, spring breakup monitoring was conducted in 2017, 2018, and 2019 (CPAI 2018a; Michael Baker 
International 2020a; Michael Baker Jr. Inc. 2018). In 2017, the peak stage was recorded as 90.2 feet (arbitrary 
datum; [CPAI 2018a] ); in 2018, the peak stage was recorded as 51.24 feet NAVD88 (Michael Baker Jr. Inc. 
2018); and in 2019, the peak stage was recorded as 49.80 feet NAVD88 (Michael Baker International 2020a). 

In 2018, it was noted that the channel bed was highly mobile during spring breakup (Michael Baker Jr. Inc. 2018). 
Summer stage was measured in 2018 and indicated that the stage fluctuated with precipitation, but water levels 
remained below the peak spring breakup stage (Michael Baker Jr. Inc. 2018). The stage increased at the end of the 
summer monitoring period due to a late summer precipitation event. Maximum and minimum summer WSEs in 
2018 were 47.49 feet NAVD88 (fall rainfall peak) and 44.78 feet NAVD88. In 2019, a late summer precipitation 
event caused the stage to crest to levels observed near the end of spring breakup. The peak summer stage was 
49.8 feet on May 27. 


Table E.8.13 presents flood-peak magnitude and frequency estimates for Judy (Igalliqpik) Creek at RM 13.8 
based on the Curran et al. (2003) USGS 2003 regression equations (Michael Baker Jr. Inc. 2018). 


Table E.8.13. Flood Magnitude and Frequency in Judy (Igalliqpik) Creek at River Mile 13.8 
Percent Chance of Exceedance in Recurrence Interval Annual Peak Discharge 
Any Given Year (% (cubic feet per second) 


fe 
a 4 
> 


Bie 


Source: Michael Baker Jr. Inc. 2018 


Spring breakup observations have also been made at the following sites: 
¢ RM 16.5 in 2017 (CPAI 2018a) 
¢ RM 31.0 in 2001 (URS Corporation 2001) 


Hydraulic designs on Judy (Iqalliqpik) Creek should consider the flood-peak data that have been collected on Judy 
(Igalliqpik) Creek at RM 7, the highly mobile bed, the impact of ice and snow on annual peak WSEs, and the 
riverbed forms and hydraulic roughness likely to be present at the design discharge. In developing flood-peak 
magnitude and frequency estimates on streams in the Judy (Iqalliqpik) Creek basin, the 17 years of data collected 
at RM 7 should be considered. A single-station flood-peak magnitude and frequency analyses could be conducted 
with these data to estimate the flood-peak magnitude and frequencies at RM 7. A best estimate of the flood-peak 
magnitude and frequency at RM 7 could then be developed from a weighted average, based on the uncertainty 
associated with estimates from each of two methods: the single-station frequency analysis, and the Shell regression 
equations? (Arctic Hydrological Consultants and ERM 2015). The weighted average estimate would then be 
extrapolated to other locations within the basins as a proportion of the Shell regression equation estimate. 


Since the hydraulic roughness is changing throughout spring breakup, when designing structures on this river it 
would be prudent to consider a range of hydraulic roughness values. Higher hydraulic roughness values would 
provide estimates with higher WSEs and lower velocities. Lower hydraulic roughness values would provide 
estimates with lower WSEs and higher velocities. Both conditions are important when designing structures within 
the channel and the floodplain. 


1.2.2.2.1 Judy (Kayyaaq) Creek 
Judy (Kayyaaq) Creek is a tributary to Judy (Igalliqpik) Creek. It has a highly sinuous and incised channel: over 
8 feet from the top of the bank to the streambed and typically about 30 feet wide (Michael Baker Jr. Inc. 2018). 


2 The Shell regression equations are suggested rather than the 2003 USGS regression equations because considerably more 


North Slope river data was used to prepare the Shell regression equations than the USGS regression equations. 
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The UC2A, UC2B and UC2C gaging stations were established at approximately RM 8.4, 10.2, and 13.0, 
respectively (Michael Baker Jr. Inc. 2017). The UC2C gaging station is located where the infield road (for all 
action alternatives) would cross Judy (Kayyaaq) Creek (Michael Baker Jr. Inc. 2017), about 13 miles upstream 
from the confluence with Judy (Iqalliqpik) Creek. At RM 13.0 (UC2C gage) the bankfull width is approximately 
20 feet and the average bankfull depth is approximately 5.5 feet (CPAI 2018b). Spring breakup and the summer 
stage have been monitored in both 2017 and 2018. 


In both 2017 and 2018, the channel was full of wind-blown snow prior to the start of breakup (Michael Baker Jr. 
Inc. 2017, 2018). In 2017, it was reported that water began flowing on top of the drifted snow at all of the 
monitoring stations and then cut a channel down through the wind-blown snow (Michael Baker Jr. Inc. 2017). 

It was also stated that in 2017 the peak stage at all of the monitoring stations was elevated above bankfull by snow 
and ice in the channel and that the peak stage probably did not occur at the same time as the peak discharge 
(Michael Baker Jr. Inc. 2017). At UC2C the peak stage in 2017 was 99.88 feet (arbitrary datum) and occurred on 
May 30(Michael Baker Jr. Inc. 2017). In 2018, the peak stage at UC2C was 54.78 feet NAVD88 and occurred on 
June 13 (Michael Baker Jr. Inc. 2018). In 2018, the peak stage was believed to have occurred at the same time as 
the peak discharge (Michael Baker Jr. Inc. 2018). At the time of the peak stage, “overbank flooding and minimal 
impedance from snow” was reported (Michael Baker Jr. Inc. 2018). However, since an observer could probably 
not have seen through 13-plus feet of water (Figure E.8.7), it seems unknown whether or not the peak stage and/or 
the stage at the peak discharge were impacted by snow and ice in the bottom of the channel. No estimate for the 
2018 peak discharge was provided (Michael Baker Jr. Inc. 2018). Bankfull conditions with some overbank 
flooding in low-lying areas persisted through at least June 18. 


Figure E.8.7 presents a surveyed cross-section at UC2C and a cross-section taken during a spring breakup 
discharge measurement (Michael Baker Jr. Inc. 2018). The difference between the cross-sections, and the 
difference between the WSE’s on June 11 and 13, represents the impact of snow and ice in the channel on the 
WSE. 


In both 2017 and 2018, the summer stage fluctuated with precipitation, but water levels remained below the 
spring breakup peak stage. The maximum and minimum stages recorded at UC2C during summer 2017 were 
93.1 feet and 90.85 feet, respectively (both based on an arbitrary datum). The maximum and minimum stages 
recorded at UC2C during the summer of 2018 were 47.81 feet and 46.45 feet NAVD88, respectively. In both 
years, the stage increased in the beginning of September as a result of precipitation events. 
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——= Micheel Baker Surveyed Cross Section During 
Discharge Measurement (6/11/2018) 


=== UMIAQ Surveyed Cross Section (8/4/2018) 


*Difference between cross sections reflects snow 
and ice in channel during discharge measurement 
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Source: Michael Baker Jr. Inc. 2018 
Figure E.8.7. Cross-Section of Judy (Kayyaaq) Creek at Gaging Station UC2C 


1.2.2.2.2 Willow Creek 1 

Willow Creek 1 is a tributary of Judy (Iqalliqpik) Creek. Alternatives B (Proponent’s Proposal) and C 
(Disconnected Infield Roads) would cross Willow Creek | between Lake R0060 and Lake M0016, which is also 
where the W1S monitoring site is located in a poorly defined, low-lying area (Michael Baker Jr. Inc. 2018). 


The 2018 spring breakup peak stage at W1S was 79.16 feet NAVD88 and occurred on June 6 (Michael Baker Jr. 
Inc. 2018). The 2019 spring breakup peak stage was 79.25 feet NAVD88 and occurred on May 28 (Michael Baker 
International 2020a). Throughout the entire breakup monitoring periods for both 2019 and 2020, no 
distinguishable channel or discernible flow was identified near W1S, and the peak stage was probably the result 
of ponded local melt (Michael Baker International 2020a; Michael Baker Jr. Inc. 201 8). During the summer, small 
stage fluctuations associated with summer precipitation were recorded, but water levels remained below the 
spring breakup peak stage (Michael Baker Jr. Inc. 2018). The 2018 maximum and minimum summer stages at 

WI1S were 78.59 feet NAVD88 and 78.39 feet NAVD88, respectively (Michael Baker Jr. Inc. 2018). During 
summer 2018, no defined channel or flow was observed, only standing water (Michael Baker Jr. Inc. 2018). 


1.2.2.2.3 Willow Creek 2 

Willow Creek 2 is a tributary of Judy (Igalliqpik) Creek. Willow Creek 2 has a highly sinuous, deeply incised, 
beaded channel (Michael Baker Jr. Inc. 2018). It is over 10 feet from the top of the bank to the streambed and has a 
typical channel width of 20 feet (Michael Baker Jr. Inc. 2017). Alternatives B (Proponent’s Proposal) and C 
(Disconnected Infield Roads) would cross Willow Creek 2 at RM 4.5, and the UCIB monitoring site is located on 
Willow Creek 2 at the proposed crossing (Michael Baker Jr. Inc. 2018). At RM 4.5, the bankfull width is 
approximately 4.5 feet and the average bankfull depth is approximately 2.5 feet (CPAI 2018b). Spring breakup and 
summer stage were monitored at UCIB in 2017, 2018, and 2019. 
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In 2017, 2018, and 2019, the channel was full of wind-blown snow prior to the start of breakup (Michael Baker 
International 2020a; Michael Baker Jr. Inc. 2017, 2018). In all 3 years, it was reported that water began flowing 
on top of the drifted snow and then cut a channel down through the wind-blown snow (Michael Baker 
International 2020a; Michael Baker Jr. Inc. 2017, 2018). In all 3 years, peak stage was reportedly affected by 
snow and ice in the channel, and peak stage did not coincide with the peak discharge (Michael Baker International 
2020a; Michael Baker Jr. Inc. 2017, 2018). In 2017, the peak stage at UC1B occurred on May 30 at 96.87 feet 
(arbitrary datum) (Michael Baker Jr. Inc. 2017). In 2018, the peak stage at UC1B occurred on June 10 at 

84.42 feet NAVD88 (Michael Baker Jr. Inc. 2018). A spring peak discharge was not recorded in either year. 

In 2019, the peak stage at CUIB occurred on May 26. The measured discharge on June 1 was 110 cfs (Michael 
Baker International 2020a). 


Figure E.8.8 presents a surveyed cross-section at UC1B and a cross-section taken during a spring breakup 
discharge measurement (Michael Baker Jr. Inc. 2018). The difference between the cross-sections, and the 
difference between the WSEs on June 11 and 13, represents the impact of snow and ice in the channel on the 
WSE. 


In all 3 years, the summer stage fluctuated with precipitation, but water levels remained below the spring breakup 
peak stage. The maximum and minimum stages recorded at UC1B during summer 2017 were 84.63 feet and 
83.01 feet, respectively (both based on an arbitrary datum) (Michael Baker Jr. Inc. 2017). The maximum and 
minimum stages recorded at UC1B during summer 2018 were 74.43 feet and 72.72 feet NAVD88, respectively 
(Michael Baker Jr. Inc. 2018). The maximum and minimum stages recorded at UC1B during summer 2019 were 
75.2 feet and 72.83 feet NAVD88, respectively (Michael Baker International 2020a). 

UC1B Profile 


—— Michael Baker Surveyed Cross Section During 
Discharge Measurement (6/13/2018) 


—— UMIAQ Surveyed Cross Section (date) 
*Difference between cross sections reflects snow 


and ice in channel during discharge measurement 


/ Peak Spring Stage (6/10/2018) = 84.43' 
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Source: Michael Baker Jr. Inc. 2018 
Figure E.8.8. Cross-Section of Willow Creek 2 at Monitoring Site UC1B 


1.2.2.2.4 Willow Creek 3 
Willow Creek 3 is a tributary of Judy (Igalliqpik) Creek. The infield road for all action alternatives would cross 
Willow Creek 3 between Lake M0015 and Lake RO0055, which is also where the W3S monitoring site is located in 
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a poorly defined, low-lying area (Michael Baker Jr. Inc. 2018). At W3S, the bankfull width is approximately 

18 feet and the average bankfull depth is approximately 2.0 feet (CPAI 2018b). The Willow Creek 3 basin is also 
where the constructed freshwater reservoir would be located for all action alternatives. The constructed freshwater 
reservoir would divert water from Lake M0015. 


The 2018 spring breakup peak stage at W3S was 84.13 feet NAVD88 and occurred on June 4 (Michael Baker Jr. 
Inc. 2018). The peak stage was affected by ice and snow but may have been the result of pooled local melt rather 
than flowing water (Michael Baker Jr. Inc. 2018). Eight days later (stage about 83.65 feet NAVD88), areas 
inundated by snowmelt and low-velocity flow were observed (Michael Baker Jr. Inc. 2018). During summer, 
small stage fluctuations associated with summer precipitation were recorded, but water levels remained below the 
spring breakup peak stage (Michael Baker Jr. Inc. 2018). The maximum and minimum summer stages at W3S 
were 83.40 feet and 82.86 feet NAVD838, respectively (Michael Baker Jr. Inc. 2018). Low-velocity flow through a 
poorly defined, ephemeral channel was observed on July 9 (Michael Baker Jr. Inc. 2018). 


The 2019 spring breakup peak stage at WS3 was 88.49 feet NAVD88 and occurred on June 2 (Michael Baker 
International 2020a). Aerial observations at the time showed widespread meltwater and saturated snow across the 
Willow Creek 3 drainage, with no defined drainage channel (Michael Baker International 2020a). Discharge 
during spring breakup was measured twice. The May 30 discharge measurement of 5 cfs was classified as poor 
based on the influence of ice and snow in the channel. The June 2 discharge measurement of 16 cfs was classified 
as fair after water had receded from the peak stage and multiple flow paths had been established in the snow 
(Michael Baker International 2020a). During summer, water levels remained below the spring breakup stage and 
minimal stage fluctuations with summer precipitation events were recorded. The maximum and minimum 
summer stages at W3S were 87.78 feet and 87.24 feet NAVD838, respectively (Michael Baker International 
2020a). 


1.2.2.2.5 Willow Creek 4 

Willow Creek 4 is a tributary of Judy (Igalliqpik) Creek. It has an incised channel with intermittent, deep, beaded 
pools (Michael Baker Jr. Inc. 2018). The infield road for all action alternatives would cross Willow Creek 4 at 
RM 9, which is also the location of the W_BS1 monitoring site. At RM 9, the bankfull width is approximately 

26 feet and the average bankfull depth is approximately 2.7 feet (CPAI 2018b). The W4 monitoring site is located 
at RM 5.2, adjacent to the Bear Tooth drill site 3/Willow Processing Facility pad. 


The 2018 spring breakup peak stage at W_BS1 was 87.87 feet NAVD88 and occurred on June 7 (Michael Baker 
Jr. Inc. 2018). The 2018 spring breakup peak stage at W4 was 96.38 feet (arbitrary datum) and also occurred on 
June 7 (Michael Baker Jr. Inc. 2018). Both peaks occurred after a short, rapid rise in the WSE of 1.5 to 2 feet, and 
snow and ice within the channel affected the peak WSE at both sites. The timing and magnitude of the peak 
discharge were not recorded. 


The 2019 spring breakup peak stage at W_BS1 was 87.38 feet NAVD88 and occurred on May 26 (Michael Baker 
International 2020a). The 2019 spring breakup peak stage at W4 was 94.21 feet (arbitrary datum) and occurred on 
May 26. The upstream gage, W_BS1, recorded the peak stage about 3 hours prior to the peak stage at the 
downstream gage, W4 (Michael Baker International 2020a). 


Figure E.8.9 presents a surveyed cross-section at W_BS1 anda cross-section taken during a spring breakup 
discharge measurement (Michael Baker Jr. Inc. 2018). The difference between the cross-sections, and the 
difference between the WSE’s on June 11 and 13, represents the impact of snow and ice in the channel on the 
WSE. 


Appendix E.8A Water Resources Page 18 


ee a ee ee ee ee ee ee ee i i ae 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


W_BS1 Profile 


—— Michael Baker Surveyed Cross Section During 
Discharge Measurement (6/8/2018) 


——— UMIAQ Surveyed Cross Section (August 2018) 


*Difference between cross sections reflects snow 
and ice in channel during discharge measurement 


Peak Spring Stage (6/7/2018) = 87.87 Right Bank 


Left Bank Discharge Measurement Stage (6/8/2018) = 87.20' 
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Source: Michael Baker Jr. Inc. 2018 
Figure E.8.9. Cross-Section of Willow Creek 4 at Monitoring Site W_BS1 


During the summers of both 2018 and 2019, the stage fluctuated with summer precipitation at both monitoring 
sites, but the water levels remained well below the spring breakup peak stage (Michael Baker International 2020a; 
Michael Baker Jr. Inc. 2018). The stage at the end of the summer monitoring season for both years increased due 
to late summer precipitation. The maximum and minimum summer stages at W4 for 2018 were 87.96 feet 
(arbitrary datum) and 85.11 feet (arbitrary datum), respectively (Michael Baker Jr. Inc. 2018), and for 2019 were 
86.47 feet and 84.99 feet (arbitrary datum), respectively (Michael Baker International 2020a). The maximum and 
minimum summer stages at W_BS1 for 2018 were 83.79 feet and 81.96 feet NAVD88, respectively (Michael 
Baker Jr. Inc. 2018), and for 2019 were 85.46 feet and 82.29 feet (arbitrary datum), respectively (Michael Baker 
International 2020a). 


1.2.2.2.6 Willow Creek 4A 
Willow Creek 4A is a tributary of Willow Creek 4. The infield road for all action alternatives would cross Willow 
Creek 4A at MBI Monitoring Site W_S1, established in 2018. The channel near W_S1 is beaded and has defined 


banks. It has a bankfull width of approximately 24 feet and an average bankfull depth of approximately 4.5 feet 
(CPAI 2018b). 


The 2018 spring breakup peak stage at W_S1 was 101.93 feet NAVD88 and occurred on June 8 (Michael Baker Jr. 
Inc. 2018). It was affected by snow and ice in the channel (Michael Baker Jr. Inc. 2018). At the time of the peak stage, 
the meltwater was confined by saturated snow, and the stage rose 1.5 feet in about 3 hours (Michael Baker Jr. Inc. 
2018). The timing and magnitude of the peak discharge were not recorded. 


In general, the stage fell throughout the summer except for fluctuations due to summer precipitation events 
(Michael Baker Jr. Inc. 2018). At the end of the summer monitoring season, the stage increased due to a late 
summer precipitation event (Michael Baker Jr. Inc. 2018). However, the stage remained well below the spring 
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breakup peak stage throughout the summer (Michael Baker Jr. Inc. 2018). The maximum and minimum summer 
stages at W_S1 were 98.67 feet and 98.22 feet NAVD88, respectively (Michael Baker Jr. Inc. 2018). 


The 2019 spring breakup peak stage at W_S1 was 101.89 feet NAVD88 on May 27 (Michael Baker International 
2020a). Minor overbank flooding was noted in low-lying areas and adjacent polygon troughs, with stranded ice 
above the reach of the bank. 


Summer stage levels fell except for fluctuations due to summer precipitation events. The stage increased to a 
maximum level of 99.68 feet on August 29 due to a notable precipitation event and the minimum stage was 
98.77 feet on July 18 (Michael Baker International 2020a). 


1.2.2.3 Ublutuoch (Tinmiaqsiugvik) River 

The Ublutuoch (Tinmiaqsiugvik) River has its entire drainage basin on the Arctic Coastal Plain and flows into 
Fish (Igalliqpik) Creek at RM 10. It has a drainage area of approximately 248 square miles, of which 
approximately 15% is covered by lakes (URS Corporation 2003). Two gravel mine site options are located in the 
Ublutuoch (Tinmiaqsiugvik) River drainage basin, one on each side of the Ublutuoch (Tinmiagsiugvik) River. 
The downstream boundary of the gravel mine site analysis area would cross the Ublutuoch (Tinmiaqsiugvik) 
River at approximately RM 13.9. 


Spring breakup stage and discharge have been measured on the main stem of the Ublutuoch (Tinmiaqsiugvik) 
River for 17 years at RM 13.7, about 0.2 RM downstream from the downstream boundary of the gravel mine site 
study area (Table E.8.14). During that time, water began to flow between May 17 and June 8, with a median date 
of May 30. The annual peak discharge occurred between May 19 and June 9, with a median date of June 5. In 9 
out of 17 years the peak stage occurred earlier and was higher than the stage at the time of the peak discharge. 
The largest difference was 1.82 feet in 2005. The time from the beginning of flow to the peak discharge varied 
between 1 and 7 days, with a median time of 3 days. The annual peak discharge varied from 55 to 3,200 cfs, with 
a median of 1,700 cfs. Freeze-up data were collected in 7 of the 17 years. During that time, freeze-up occurred 
between September 26 and October 21, with a median date of October 8. 


The Ublutuoch (Tinmiaqsiugvik) River has a relatively low gradient and highly sinuous channel. In the vicinity of 
RM 13.7 the channel is incised within relatively steep upper banks that are vegetated with dense brush (URS 
Corporation 2003). The lower portion of the channel consists of a relatively flat bench located approximately 

10 to 15 feet below the top of the upper banks (URS Corporation 2003). A 2- to 3-foot-deep < 15- to 20-foot-wide 
low-water channel is located in the bottom of the otherwise vegetated channel (URS Corporation 2003). 

The riverbed is composed of sand and gravel, with a median diameter of 7.0 mm (URS Corporation 2003). 


At the time of the 2001 and 2002 spring peak WSE and discharge, the water was flowing on snow within the 
channel. A comparison of riverbed elevation on various dates during the 2002 breakup at RM 13.7 is shown in 
Figure E.8.10, and 2001 and 2002 riverbed elevations at the time of the peak discharge are presented in Figure 
Beor lite 


Table E.8.14. Summary of Annual Peak Stage and Discharge for the Ublutuoch (Tinmiagqsiugvik) River at 
River Mile 13.7 
Year Date Flow Dateof Annual Peak Annual Peak Annual Peak Annual Peak Annual Peak Annual Peak Zero Flow to 
Begins (m/d) Freeze-Up _ Stage Date Stage (ft) Stage Discharge Discharge Discharge Peak Q 
(m/d) (m/d) Discharge Date (m/d) Stage (ft) (cfs) (days) 


6/8 N/A 


2003 6/5 


2004 | 6/1 NA 
2005 6/5 tae aN 


[2010 6/5 9/27 
2011 | _5/30 N/A 


[2012 5/30 10/11 


2013 6/2 10/4 
2014 5/17 10/11 
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Year Date Flow Dateof Annual Peak Annual Peak Annual Peak Annual Peak Annual Peak Annual Peak Zero Flow to 
Begins (m/d) Freeze-Up Stage Date Stage (ft) Stage Discharge Discharge Discharge Peak Q 
(m/d) (m/d) Discharge Date (m/d) Stage (ft) (Si) (days) 


(cfs) 


9/26 5/22 
5/31 

Source: J. Aldrich (Arctic Hydrologic Consultants), personal communication to Richard Kemnitz (BLM). September 11, 2018 

Note: cfs (cubic feet per second); d (day); e (estimate); ft (feet); m (month); N/A (not available); Q (discharge); RM (river mile). The coordinates of the site 

(NAD83): 70.24316, -151.29693. 
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Source: URS Corporation 2003 
Figure E.8.10. Effect of Snow and Ice in 2002 on Channel Cross-Section at River Mile 13.7 
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Figure E.8.11. Comparison of 2001 and 2002 Cross-Sections at Peak Discharge at River Mile 13.7 


Discharge and water surface slope measurements, along with surveyed cross-sections and a water surface profile 
model, were used to estimate hydraulic roughness in the channel on a particular day during the 2002 spring 
breakup. At RM 8 and RM 13.7, the channel hydraulic roughness on the day of the measurements, when ice and 
snow were impacting the hydraulic conditions, was 0.012 and 0.021, respectively (URS Corporation 2003). 
Computations of hydraulic roughness based on measured discharge and water surface slope and normal depth 
computations at RM 13.7 on each of 3 days in 2001 and 2002 during ice- and snow-impacted conditions varied 
from 0.019 to 0.025, with a median of 0.023 (URS Corporation 2001, 2003). 


Seventeen years of summer flow data is available for the Ublutuoch (Tinmiagsiugvik) River at RM 13.7 
(J. Aldrich [Arctic Hydrologic Consultants], personal communication to Richard Kemnitz [BLM]. September 11, 
2018) . A summary of the available mean monthly discharge data is provided in Table E.8.15. 


Table E.8.15. Mean Monthly Discharge (cubic feet per second) in the Ublutuoch (Tinmiaqsiugvik) River at 
River Mile 13.7 
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Source: J. Aldrich (Arctic Hydrologic Consultants), personal communication to Richard Kemnitz (BLM). September 11, 2018 


At RM 14.5 (MBI Monitoring Site UB14.5) and RM 15.5 (MBI Monitoring Site UB15.5), the spring breakup 
stage and the extent of flooding was monitored in 2018 and 2019 (Michael Baker International 2020a; Michael 
Baker Jr. Inc. 2018). RM 14.5 is just downstream of the mouth of Bill’s Creek, and RM 15.5 is just upstream. 
MBI (2018) also monitored the stage and extent of flooding on Bill’s Creek, at Monitoring Site BC1. All of these 
sites are within the gravel mine site analysis area. 


At UB14.5, the channel is incised and deep and fills with wind-blown snow during winter (Michael Baker Jr. Inc. 
2018). During the 2018 spring breakup, the peak stage was 20.20 feet (adjusted for NAVD88 in 2020) and 
occurred on June 9. Pictures of the monitoring site on the day of the peak stage suggest that the peak stage was 
affected by snow and ice. During the 2019 spring breakup, the peak stage was 19.23 feet NAVD88 and occurred 
on May 29 (Michael Baker International 2020a). 


At UBI5.5, the channel is incised and deep and fills with wind-blown snow during the winter (Michael Baker Jr. 
Inc. 2018). During the 2018 spring breakup, the peak stage was 23.49 feet (adjusted for NAVD88 in 2020) and 
occurred on June 8. Pictures of the monitoring site on the day of the peak stage suggest that the peak stage was 
affected by snow and ice. During the 2019 spring breakup, the peak stage was 22.46 feet NAVD88 and occurred 
on May 26 (Michael Baker International 2020a). 


Bill’s Creek is a beaded channel consisting of large beads connected by deeply incised, narrow grass-lined 
channels with its headwaters in an area of small lakes (Michael Baker Jr. Inc. 2018). Wind-blown snow fills much 
of the drainage during the winter (Michael Baker Jr. Inc. 2018). During the 2018 spring breakup, the peak stage at 
BCI was 41.85 feet (adjusted to NAVD88) and occurred on June 11. Based on the description of the conditions at 
the time of the peak stage (Michael Baker Jr. Inc. 2018), the peak stage was affected by snow and ice in the 
channel. The summer stage fluctuated with precipitation events but remained below the peak breakup stage 
(Michael Baker Jr. Inc. 2018). The stage increased at the end of the summer monitoring period as a result of late 
summer precipitation (Michael Baker Jr. Inc. 2018). The maximum and minimum summer stages were 88.67 feet 
and 87.01 feet (arbitrary datum), respectively (Michael Baker Jr. Inc. 2018). 


During the 2019 spring breakup, the peak stage at BC] was 39.78 feet NAVD88 and occurred on May 23. 
The peak stage was affected by snow and ice in the channel (Michael Baker International 2020a). 


Spring breakup observations have also been made at the following sites: 
° RM 6.8 in 2003, 2004, 2005, 2006, 2009, 2010, 2011, and 2013 (CPAI 2018a) 
* RM 8.0 in 2002 (URS Corporation 2003) 
* RM 13.5 in 2001 (URS Corporation 2001) and 2002 (URS Corporation 2003) 


Hydraulic designs on the Ublutuoch (Tinmiagqsiugvik) River should consider the flood-peak data that have been 
collected at RM 13.7, the impact of snow and ice at the time of the annual peak discharge, the impact of snow and 
ice on the annual peak WSE, and the hydraulic roughness likely to be present at the time of the design discharge. 
In developing flood-peak magnitude and frequency estimates on streams in the Ublutuoch (Tinmiaqsiugvik) River 
basin, the 17 years of data collected at RM 13.7 should be considered. A single-station flood-peak magnitude and 
frequency analyses could be conducted with these data to estimate the flood-peak magnitude and frequencies at 
RM 13.7. A best estimate of the flood-peak magnitude and frequency at RM 13.7 could then be developed from a 
weighted average, based on the uncertainty associated with estimates from each of two methods: the single-station 
frequency analysis and the Shell regression equations’ (Arctic Hydrological Consultants and ERM 2015). 

The weighted average estimate would then be extrapolated to other locations within the basin as a proportion of 
the Shell regression equation estimate. 


Since the hydraulic roughness is changing throughout spring breakup, when designing structures on this river it 
would be prudent to consider a range of hydraulic roughness values. Higher hydraulic roughness values will 
provide estimates with higher WSEs and lower velocities. Lower hydraulic roughness values will provide 
estimates with lower WSEs and higher velocities. Both conditions are important when designing structures within 


* The Shell regression equations are suggested rather than the 2003 USGS regression equations because considerably more 


North Slope river data was used to prepare the Shell regression equations than the USGS regression equations. 
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the channel and the floodplain. Additionally, snow blockage at the time of the peak discharge seems to be an 
annual occurrence and should be considered when estimating design WSEs. 


1.2.3. Kalikpik River 
The Kalikpik River originates in a complex network of lakes, approximately 15 miles south of Teshekpuk Lake, 


and flows into Harrison Bay northwest of Fish (Iqalliqpik) Creek (Michael Baker Jr. Inc. 2018). The river has a 
relatively low gradient, a highly sinuous channel, and the channel bed and banks consist predominantly of silt and 
sand (Michael Baker Jr. Inc. 2018). The most downstream end of the proposed infrastructure comes close to the 
Kalikpik River, about 17.5 RMs upstream from the coast (RM 17.5). 


In 2018 and 2019, the stage was monitored during spring breakup at Kal 1 (Michael Baker Jr. Inc. 2018), about 
21.8 RMs upstream from the coast. In 2018, the channel was full of windblown snow prior to the start of breakup 
(Michael Baker Jr. Inc. 2018). The peak stage occurred on June 11 at an elevation of 50.30 feet NAVD88 and was 
affected by snow and ice conditions (Michael Baker Jr. Inc. 2018). Snow remained along the banks and large ice 
floes were present in the channel for a couple of days following the peak stage (Michael Baker Jr. Inc. 2018). 

A second, smaller rise in the stage was observed on June 16 and may have been coincident with the peak 
discharge (Michael Baker Jr. Inc. 2018). A discharge of 320 cfs was measured at a stage of 48.18 feet NAVD88 
on June 16 at 4:00 p.m. The stage was just below bankfull (Michael Baker Jr. Inc. 2018). No ice or snow was 
observed in the channel, but saturated snow remained along the south bank just above the water surface (Michael 
Baker Jr. Inc. 2018). 


In 2019, the peak stage of 49.44 feet NAVD88 occurred on May 26, and was likely elevated by large quantities of 
saturated snow and bottom-fast channel ice (Michael Baker International 2020a). A discharge of 245 cfs was 
measured at a stage of 48.94 feet NAVD88 on May 30 (Michael Baker International 2020a). 


For 2018 and 2019, MBI continued to monitor the stage during summers. The stage fluctuated throughout 
summer as a result of precipitation events but remained below the spring breakup peak stage (Michael Baker Jr. 
Inc. 2018). For both summers, later summer precipitation events led to increased stage levels that were slightly 
higher than the stage during the discharge measurement near the end of the summer monitoring period (Michael 
Baker International 2020a; Michael Baker Jr. Inc. 2018). The highest summer stage levels were 47.10 feet in 2018 
and 47.91 feet in 2019 (Michael Baker International 2020a; Michael Baker Jr. Inc. 2018). 


At Kal 1, the bankfull width is approximately 140 feet, the average bankfull depth is approximately 3 feet, and the 
thalweg depth is approximately 8 feet (CPAI 2018b). 


1.3 Environmental Consequences 


1.3.1 In-Water Structures 


1.3.1.1 Bridge Crossings 

The potential impacts to streams crossed by bridges during the life of the structure include the following: 
Increased backwater on the upstream side of the bridge 

Increased riverbed erosion within the bridge opening 

Increased riverbed and bank erosion downstream from the bridge 

Increased sediment deposition downstream from the bridge 

Increased sediment transport within and downstream from the bridge 

A change in channel morphology downstream from the bridge 


The impact of a bridge on the stream being crossed is directly related to the criteria used to design the bridge and 
the extent to which the bridge is constructed according to the design. Some of the most important factors related 
to the hydraulic design of bridges on the North Slope include 1) the frequency of the design event in relation to 
the anticipated life of the structure; 2) the reliability of the computed magnitude and frequency of the design 
event; 3) the impact of snow and ice (including ice floes) at the time of the design event and during events with a 
smaller discharge than the design event; and 4) the reliability of the hydraulic computations used to estimate WSE 
and velocity, riverbed scour, and bank erosion. With regard to the frequency of the design event, the probability 
that the design event will not be exceeded during the life of the structure should be considered. 


All bridges would be designed to maintain bottom chord clearance of 4 feet above the 100-year base flood 
elevation and at least 3 feet above the highest documented flood elevation. Table E.8.16 presents the relationship 
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between the average return period of the design event and the probability that the design event will not be 
exceeded during various lengths of time. Note that the probability that the design event will not be exceeded 
decreases as the life of the structure increases. Based on the life of past structures on the North Slope, it seems 
very likely that the life of the structures could be greater than 40 or 50 years. A culvert or bridge based on a 100- 
year flood design that is likely to be in place for 50 years before removal or replacement would have a 61% 
chance that the design flood would not be exceeded one or more times during the life of the structure (i.e., 39% 
chance that design flood would be exceeded). As shown, although it is more likely that the design life will not be 
exceeded during the life of the Project, there is still a 39% chance it could be. This section describes the potential 
effects of bridges. 


Table E.8.16. Theoretical Probability That the Design Event Will Not Be Exceeded in a Specified Number 
of Years 


Design Event 
a return period in years) 


10 years 20 years 30 years 40 year 50 years 60 years 70 years 


500 a 
Note: Bold denotes the design life of bridges for the Project. The difference between the theoretical probability and the actual probability is the accuracy of the 
design events’ predicted probability of occurrence. For instance, if the design discharge is supposed to be a 100-year event but actually has an average return 
period of 90 years, the theoretical probability that the design event will not be exceeded will be higher than what is experienced. 


During floods in which the cross-sectional area of the flow is restricted by the bridge, water would back up behind 
the bridge. The difference between the unrestricted WSE and the restricted WSE on the upstream side of the 
bridge is called backwater. The magnitude of the backwater would depend upon the amount of constriction 
presented by bridge or road embankments and would usually become larger with larger flood events. 

The maximum increase in WSE generally occurs at a location upstream from the bridge, about equal in distance 
to about one-half the total length of the embankment obstructing the flow of water. The upstream extent of the 
backwater is a function of both the magnitude of the constriction and the slope of the stream. The duration of the 
backwater would be somewhat less than the duration of the flood. Backwater is generally a concern if it causes a 
structure (such as an upstream pipeline) or another resource to be damaged by the inundation created as a result of 
the backwater. 


The more a bridge restricts the flow (i.e., the greater the backwater), the higher the velocity through the bridge. 
At a particular discharge, if the velocity through the bridge exceeds the velocity that would have occurred prior to 
construction of the bridge, and the bed material is mobile at that velocity, it is likely that the depth of the scour 
would be greater than would have occurred prior to bridge construction. Similarly, if the velocity downstream 
from the bridge is greater than the velocity that would have occurred prior to bridge construction, it is possible 
that bank erosion would be more severe than would have occurred. With increased erosion comes increased 
sediment transport and increased sediment deposition. An increase in erosion and deposition can lead to a change 
in channel morphology. If the bridge abutments or pier piles are undermined by scour, the bridge may collapse. 
Scour is historically one of the most common causes of bridge failure in North America (Cook 2014). However, 
scour is not a problem if it is correctly addressed during the design of the bridge. 


1.3.1.2 Culverts 
The potential impacts to streams crossed by culverts during the life of the structure include the following: 
¢ Increased backwater on the upstream side of the culvert 
¢ Increased riverbed and bank erosion downstream from the culvert 
¢ Increased sediment deposition downstream from the culvert 
¢ Increased sediment transport downstream from the culvert 
¢ Acchange in channel morphology downstream from the culvert 


The impact of the culvert on the stream being crossed is directly related to the criteria used to design the culvert 
and the extent to which the culvert is constructed according to the design. The size, layout, and quantity of Project 
culverts would be based on site-specific conditions in order to pass the 50-year flood event with a headwater 
elevation not exceeding the top of the culvert (headwater to diameter ratio of 1 or less). Some of the most 
important factors related to the hydraulic design of culverts on the North Slope include 1) the frequency of the 
design event in relation to the anticipated life of the structure; 2) the reliability of the computed magnitude and 
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frequency of the design event; 3) the impact of snow and ice (including ice floes) at the time of the design event 
and during events with a smaller discharge than the design event; 4) the reliability of the hydraulic computations 
used to estimate WSE and velocity, riverbed scour, and bank erosion; and 5) the reliability of the topographic and 
flow information used to located the culvert. With regard to the frequency of the design event, see the discussion 
in Section 2.5.3.2.1, Bridges. A culvert based on a 50-year flood design that is likely to be in place for 50 years 
before removal or replacement would have a 36% chance that the design flood would not be exceeded one or 
more times during the life of the structure (i.e., 64% chance that design flood would be exceeded). 


During floods in which the cross-sectional area of the flow is restricted by the culvert, water would back up 
behind the culvert. The magnitude of the backwater would depend upon the amount of constriction presented by 
the culvert. See discussion in Section 2.5.3.2.1 for additional information. 


The more the culvert restricts streamflow (i.e., the greater the backwater), the higher the velocity through the 
culvert. The higher the velocity through the culvert, the more likely it is that riverbed erosion (scour) and bank 
erosion would occur at the culvert outlet and downstream from the culvert. With increased erosion comes 
increased sediment transport and increased sediment deposition. An increase in erosion and deposition can lead to 
a change in channel morphology. 


1.3.2 Pipelines 
All of the pipeline waterbody crossings would be aboveground on vertical support members (VSMs) except for 


the Colville River crossing, which would be installed 70 feet below the river channel using horizontal directional 
drilling (HDD). 


1.3.2.1 Aboveground Crossings 

As water passes around VSMs, at an aboveground crossing there is the potential for an increase in velocity and 
scour. This may result in erosion at the VSM and sediment deposition downstream from the VSM. Ifice floes or 
debris build up on a VSM, the scour at the VSM could be greater than anticipated and could compromise the 
integrity of the VSM and thus the pipeline. 


If water, floating ice, or debris comes in contact with the aboveground pipeline, the pipeline could be ruptured. 
It is unknown to what flood event or ice condition the pipeline crossings would be designed. 


Where an aboveground pipeline crossing is immediately upstream from a road crossing (either a bridge or a 
culvert), backwater from the road during the pipeline design event should be considered when setting the bottom 
of the pipe elevation. Additionally, if the road is designed for a smaller flood than the pipeline, the changes in 
hydraulic conditions at the pipeline as a result of the road wash-out should be considered (1.e., changes in location 
of the concentrated flow and the impact on erosion at the VSM). 


Where an aboveground pipeline crossing is immediately downstream from a road crossing (either a bridge or a 
culvert), the impact of the road on where water will be flowing and the velocity of the water at the pipeline VSM 
should be considered. Additionally, if the road is designed for a smaller flood than the pipeline, the changes in 
hydraulic conditions at the pipeline as a result of the road wash-out should be considered (i.e., changes in the 
location of the concentrated flow and the impact on erosion at the VSM). 


1.3.2.2 Belowground Crossings 

Design of the HDD crossing should consider the likely scour depth during all floods up to and including the 
design flood and the likely channel migration over the life of the crossing. It is unknown to what flood event the 
HDD crossing would be designed. 
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HYDRAULIC MAPPING AND MODELING 
Kenneth F. Karle, P.E. 
1091 West Chena Hills Drive, Fairbanks, AK 99709 
May 26, 2020 


Ocean Point Technical Memorandum 


To: E. Leyla Arsan, DOWL 
From: Kenneth Karle, P.E. 
Subject: Ocean Point Monthly Mean Discharge 


An EPA SDEIS reviewer recommended that, as there are no flow data available for the Colville River at 
Ocean Point, a representative ‘synthetic dataset’ could be developed for the Ocean Point crossing, using 
discharge data from the Umiat gaging station. This memo describes the methodology for conducting such 
an analysis, and includes a table listing average monthly discharge estimates for the Ocean Point crossing. 


The drainage-area ratio method suggested by EPA to develop an Ocean Point discharge dataset is indeed 
commonly used to estimate both flood frequency magnitudes, and individual streamflow discharges, for 
sites where no streamflow data are available using data from one or more nearby gaging stations 
(Emerson et al., 2005). The method is intuitive and straightforward to implement and is in widespread use 
by analysts and managers of surface-water resources. It’s often used for locations where no supporting 
discharge data are available to confirm the validity or develop some type of bias correction to account for 
differences in watershed characteristics. 


A simple ratio of watershed areas upstream of the point of interest is used to estimate flood magnitudes of 
ungaged sites on gaged streams. The drainage area ratio equation is: 


Qu = Osx Au 
Ag 
Where 
Q. = ungaged area flow statistic 
Q, = gaged area flow statistic 
Au = ungaged area 
Ag = gaged area 


In a memo dated November 16, 2018, Jim Aldrich (Arctic Hydrologic Consultants) compiled a table of 
Colville River Mean Monthly Flow at Umiat, AK, using data from the USGS gaging station 15875000. 
I updated the table in February 2020; see Table 1. 


Note that in every year from 2002 to 2009, there was at least one month from February to April with an 
average discharge of 0 cfs. Starting in 2010, there were no more ‘0 cfs’ months, and average winter 
monthly discharge values increased significantly for the period from 2010 to 2019. There are several 
possible explanations for this. Ongoing climate change on the Alaskan North Slope, with drastically 
increased temperatures, is well documented. Warmer winters will result in increased winter discharge. 
Matt Schellekens, the chief hydrologist of the USGS Fairbanks office, noted that prior to the mid-1990s, 
winter flow was never observed in the Sagavanirktok River. Now, flow is almost always observed and 
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often it is quite a bit (M. Schellekens, personal communication, January 312020): 


A second explanation is that slight differences in procedures were used for two different periods. From 
2003 to 2009, the site was operated from the USGS Anchorage field office. During that time, there were 
not many late winter visits, and flow was assumed to go to zero. Since 2010 the gage has been operated 
from the USGS Fairbanks field office. The Fairbanks hydrographers “usually spent a lot of time in late 
March or April hunting around the river reach near the gage and almost always found/find at least one or 
two very small open leads of water seeping out of the downstream end of a gravel bar or two” 

(M. Schellekens, personal communication, January 31, 2020). 


The EPA reviewer noted the increase in winter flows and recommended that only the last 10 years of the 
Umiat discharge data should be used for the area-ratio analysis, as using mean discharges from the entire 
period of record “will likely underestimate the discharge at Ocean Pointe 


The drainage area for USGS Umiat gaging station 15875000 is 13,860 mi’. The drainage area upstream of 
the proposed Ocean Point ice bridge crossing is estimated at 20,580 mi*. The drainage area ratio (Ocean 
Point/Umiat) is 1.48. 


Asa check on the validity of using the drainage area ratio method, I compared a discharge measurement 
made at Ocean Point to gaged flow at Umiat. CPAI measured a discharge flow rate of 29,000 cfs at Ocean 
Point on 9/5/2019 at 250 pm. The average flow velocity was 3 ft/sec. Accounting for travel time 
downstream, the related upstream discharge at Umiat on 9/4/2019 at 1050 am was 23,000 cfs. The Ocean 
Point flow was approximately 1.3 times greater than the Umiat flow. One data-pair point set is not 
statistically significant. However, it does imply some reassurance for using the drainage-are method for 
flow estimates. 


Table | includes the mean value of the mean monthly discharge values at Umiat for two periods: 2003- 
2019, and 2010-2019. 


I conducted an area ratio analysis to estimate flows at Ocean Point using the mean value of the mean 
monthly flows for the period 2010-2019, and a drainage area ratio (ungaged/gage) of 1.48. See Table 2. 
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Table 1. Colville River mean monthly discharge (cfs) at Umiat. 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2002 
2003 690 65,690 10,490 
2004 40,890 24,940 142.3 56.6 

Eg 2005 12,830 1,169 200 104.5 
7 
2008 
2010 48,760 10,370 15,720 6,213 1,248 454 132.2 
2015 22,250 11,550 1,504 275.7 65.5 
2016 2.75 32,660 15,310 404.7 64.4 
2018 11.9 7.14 6.00 26,970 23,280 3,132 
2019 30.2 22.6 20.0 36,180 18,370 12,380 15,500 

Mean of Monthly oo tae 

en 24.0 8.9 3.9 3.1 24,500 44,800 15,900 20,800 84.0 
2019 

Mean of Monthly 

eerie 29.5 13.3 6.6 5.0 41,988 15,6105 | 2756 86.2 
Sept 2019 


Estimated Mean 
Monthly : : : ‘ 62,140 
Discharge 
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Numerous factors will affect the relationship between discharge and drainage area. For example, if the 
watershed characteristics of the upper watershed, such as the ratio of mountainous area to lowlands, were 
significantly different than those of the additional downstream drainage area, then the flow relationship 
may not be linear. Such a relationship could potentially be improved by investigating regional statistics, 
regression, and rainfall-runoff modeling (bias correction). That type of additional analysis generally leads 
to the development of an exponent for the drainage area ratio. But that type of data is obviously scarce 
and probably not worth pursuing. 


Another consideration is that this analysis does not account for other conditions that may affect flow rates 
at Ocean Point. For example, surface flow passing Umiat may be forced downstream into a gravel bed 
flow condition due to a blocked channel. Surface flow may also end up in storage as ice until warming 
temperatures occur. Conversely, groundwater seeps between Umiat and Ocean Point may lead to larger 
flows downstream than predicted by the drainage area ratio. The consensus of opinion from Jim Aldrich, 
Matt Schellekens (USGS), and Richard Kemnitz (BLM retired) is that there is probably surface flow in 
the Colville River downstream of Umiat in every month of the year. 


As noted elsewhere, the best course of action to characterize winter flows at Ocean Point will be to 
conduct field observations and measurements during the winter months at the Ocean Point crossing for 
the next several years. However, until such field measurements are made, the flow statistics in Table 2 
can be used, with caution, to provide an estimate of the magnitude of winter flows for the Ocean Point 
crossing. 


Please let me know if you have additional questions or need more information. 


Ken 


References 

Emerson, D.G., A.V. Vecchia, and A.L. Dahl. 2005. Evaluation of drainage-area ratio method used to 
estimate streamflow for the Red River of the North Basin, North Dakota, and Minnesota. Scientific 
Investigations Report 2005-5017, U.S. Geological Survey. 
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. MEMORANDUM 


Os Zach Huff, E.I. 
FROM: Euan-Angus MacLeod, P.E. 
DATE: November 22, 2022 


SUBJECT: Ocean Point Monthly Mean Discharge - Update 


This memorandum provides an update to average monthly discharge estimates for the Ocean 
Point crossing of the Colville River originally presented in the May 26, 2020, Ocean Point 
Technical Memorandum prepared by Kenneth Karle, P.E. (2020 Memo). This memorandum 
includes updates to Table 1 and Table 2 from the 2020 Memo using additional flow data 
available for USGS gaging station 15875000 at Umiat from January 2020 through September 
2022. The same drainage-area ratio methodology described in the 2020 Memo was used to 
update Table 2, which provides estimated mean monthly discharge for the Coville River at 
Ocean Point. 
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Table 1. Colville River mean monthly dischar 


se (cfs) at Umiat. 


ol VY a i | 


Wi 8 ov 
MEMO 


ne HA 


ff 


A A 
\I 


: _Aug 

No Data No Data No Data No Data No Data No Data 21,030 VL ; 100.1 
2003 355) ie 0 0 0 690 65,690 24,030 31,800 athe 12,760 10,490 560 72.6 
2004 6.87 DN 0.161 0 40,890 24,940 15,310 24,870 12,060 556.5 142.3 56.6 
2005 20.8 4.23 0.016 0 12,830 ies 72,480 | 13,920 4143 | 6,014 1,169 200 104.5 
2006 18.4 0.107 0 0 22,010 37,120 21,940 33,560 6,229 2,667 324.7 80 
2007 DS) tila 0.887 0 IE 4,179 50,530 12,140 17,820 Ges 873.5 = 177 fe 72.6 
2008 Da 0.724 0 iE 0 17,260 46,530 12,900 10,770 1,867 560 207 WE 
2009 15 | 0 0 3.03 36,940 45,050 13,890 13,440 13,750 | LS) 418 95.2 
2010 36.5 39 1.65 0.5 17,280 48,760 | 10,370 15,720 6,213 1,248 454 (ay 
2011 35.5 9.66 i 1.07 0.37 37,790 31,190 13,170 11,330 11,940 1,958 3S 93.5 
2012 29:2 11 92 0.5 Al 16,680 41,910 16,970 14,860 27,440 3,678 145.3 Ls. 45.9 
2013 16.4 3,93 ae 2 is 1.02 6,434 83,970 10,530 10,290 11,750 1,475 509.3 130.7 
2014 IS) 95 6 6 33,290 72,180 29,820 10,130 16,140 1,215 216.7 89.9 
2015 45.2 29 16.8 12 62,410 17,010 8,243 22,250 LL SSO) 1,504 [2757 65.5 
2016 = 24.4 10.1 m4 Spi 2.75 47,460 en | 14,540 27,290 15,310 4,868 404.7 64.4 x 
2017 16 31) 1.16 1 7 12,070 26,220 13,110 36,370 25,900 6,403 447.9 86.5 
2018 24.9 HES. 7.14 6.00 12,220 47,610 26,970 30,330 23,280 3,122 a 342.9 67.1 
2019 40.9 30.2 22.6 20.0 36,180 18370 | 12,380 38,990 15,500 ee 0 0 0 
2020 Die 9.0 4.7 4.0 106,013 23,807 12,248 19,911 23,106 13,442 370.3 69.0 
2021 ANofl 7.8 mil 2.6 2.1 O92 34,387 ere 24,607 21,238 27,565 No Data No Data No Data 
2022 D3el\ 14.0 oY 6.0 63,728 43,319 12,872 25,002 12,977 No Data* No Data _| No Data 
Mean of Monthly 24.0 9.1 4,2 3.3) 29,807 43,187 15,998 21,006 14,757 3,380 337.6 78.9 
IDischarge- 
Sept 2002- 
Sept 2022 Ee 4 = 
Mean of Monthly Dies) V2 6.7 Sol 37,006 39,386 16,288 Vere 18,538 3,767 308.8 N38} 
Discharge- 
Sep 2010- 
Sept 2022 | ile LL 


Estimated Mean Monthly Discharge 
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List of Acronyms 


Project area Willow Master Development Plan Project area 


Glossary Terms 


Emergent — Of or denoting a plant which is taller than the surrounding vegetation. 

Lacustrine — Produced or originating from or within a lake. 

Marine — Produced or originating from or within the sea. 

Palustrine — Produced or originating from or within a marsh. 

Riverine — Relating or situated on a river or riverbank. 

Unconsolidated — Sediment that is loosely arranged or unstratified, or whose particles are not cemented together. 


Upland — Land area that under normal circumstances does not satisfy the three required wetland factors (i.e., 
hydrology hydrophytic vegetation, hydric soils), and does not lie below the ordinary high water mark or high tide 
line of a jurisdictional water. 
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1.0 VEGETATION AND WETLANDS 


1.1 Affected Environment 


Table E.9.1 details the wetland types in the Willow Master Development Plan Project area (Project area; field- 
verified area) and the analysis area. Wetland types in the Willow area are not unique and occur throughout the 
analysis area and the Arctic Coastal Plain. Table E.9.1 also shows the Cowardin code for each wetland type; the 
Cowardin system (1979) is a national classification system based on wetland characteristics. Figure 3.9.3 in 
Appendix A, Figures, in the Final Environmental Impact Statement shows land cover classes in the analysis area 
(using data from the North Slope Science Initiative). 


Table E.9.1. Vegetation by Wetland Type in the Analysis Area 


Wetland Type Cowardin Acresin Analysis Acres in Field- 

Code? Area” Verified Portion of 
Analysis Area‘ 

SSS 

Estuarine Intertidal Emergent Persistent/Unconsolidated Shore Irregularly Flooded [| E2EM1/USP | _ 14,2584 [| = =00 

[Estuarine Intertidal Emergent Persistent Regularly Flooded | CEQEMIN | 93 | 

Estuarine Intertidal Emergent Persistent Irregularly Flooded EOP NOlpey eee 16.110 0B ea. 00) 

Estuarine Intertidal Emergent Nonpersistent/Unconsolidated Shore Irregularly E2EM2/USP 5,161.8 

Flooded 

Estuarine Intertidal Unconsolidated Shore/Emergent Persistent Irregularly Flooded E2US/EM1P 11,405.4 0.0 

Estuarine Intertidal Unconsolidated Shore/Emergent Nonpersistent Irregularly E2US/EM2P 60.9 0.0 

Flooded 

Estuarine Intertidal Unconsolidated Shore Regularly Flooded E2USN 136.3 0.0 

Estuarine Intertidal Unconsolidated Shore Irregularly Flooded E2USP 30,799.8 0.0 

Lacustrine Limnetic Unconsolidated Bottom Permanently Flooded LIUBH 580,199.4 365.7 

Lacustrine Limnetic Unconsolidated Bottom Permanently Flooded Diked/Impounded 2,681.7 0.0 

Lacustrine Limnetic Unconsolidated Bottom Permanently Flooded Excavated LIUBHx 0.0 <0.1 

Lacustrine Littoral Aquatic Bed Aquatic Moss Permanently Flooded 39) 0.0 

Lacustrine Littoral Emergent Nonpersistent/Unconsolidated Bottom Semi- L2EM2/UBF 153.3 0.0 

Permanently Flooded 

Lacustrine Littoral Emergent Nonpersistent/Unconsolidated Bottom Permanently L2EM2/UBH SES Oley 0.0 

Flooded 

Lacustrine Littoral Emergent Nonpersistent Semi-Permanently Flooded L2EM2F 0.0 

Lacustrine Littoral Emergent Nonpersistent Permanently Flooded L2EM2H 5,832.8 4.1 

Lacustrine Littoral Unconsolidated Bottom/Emergent Nonpersistent Permanently L2UB/EM2H XS) 2 0.0 

Flooded 

Lacustrine Littoral Unconsolidated Bottom Semi-Permanently Flooded L2UBF 34.9 0.0 

Lacustrine Littoral Unconsolidated Bottom Permanently Flooded L2UBH 1S O222. 0.0 

Lacustrine Littoral Unconsolidated Shore Temporarily Flooded L2USA 4,169.0 0.0 

Lacustrine Littoral Unconsolidated Shore Seasonally Flooded L2USC 5,158.9 0.0 

Marine Subtidal Unconsolidated Bottom‘ MI1UBL 35,795.1 76.7 

Marine Intertidal Unconsolidated Shore Sand Regularly Flooded M2US2N 1.6 1.6 

Marine Intertidal Unconsolidated Shore Regularly Flooded M2USN 4.6 0.0 

Marine Intertidal Unconsolidated Shore Irregularly Flooded M2USP 275.0 0.0 

Palustrine Emergent Persistent/Nonpersistent Semi-Permanently Flooded PEM1/2F 4,477.2 0.0 

Palustrine Emergent Persistent/Moss-Lichen Moss Seasonally Saturated PEM1/ML1B 300.8 0.0 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Deciduous Temporarily PEM1/SSIA 68.1 Hee 0.0 

Flooded 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Deciduous Seasonally PEM1/SS1B 907,301.3 4,027.6 

Saturated pees 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Deciduous Continuously | PEM1/SS1D 2,677.6 2,677.6 

Saturated? 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Deciduous Continuously | PEM1/SS1E 420,546.6 312.1 

Seasonally Flooded/Saturated 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Deciduous Semi- PEM1/SS1F SSeS iia/ 

Permanently Flooded 

Palustrine Emergent Persistent/Scrub-Shrub Broad-Leaved Evergreen Saturated PEM1/SS3B 

Palustrine Emergent Persistent/Unconsolidated Bottom Semi-Permanently Flooded PEM1/UBF 41,116.2 

Palustrine Emergent Persistent/Unconsolidated Bottom Semi-Permanently Flooded PEM1/UBFh S)e) 0.0 


Diked/Impounded 
Palustrine Emergent Persistent/Unconsolidated Shore Temporarily Flooded PEM1/USA 1,273.0 0.0 
Palustrine Emergent Persistent/Unconsolidated Shore Seasonally Flooded PEM1/USC 677.8 Le ae 
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Wetland Type 


Acres in Field- 
Verified Portion of 
Analysis Area® 


Cowardin 
Code* 


Acres in Analysis 
Area? 


Palustrine Emergent Persistent/Unconsolidated Shore Seasonally Flooded/Saturated ant 
Palustrine Emergent Persistent Seasonally Saturated PEMIB 23,883.0 
pealisume Emergent Persistent Seasonally Flooded PEMI1C 567.2 0.0 
Palustrine Emergent Persistent Continuously Saturated PEM1D 17.6 17.6 
Palustrine Emergent Persistent Seasonally Flooded/Saturated | a PEMIE 287,035.6 
Palustrine Emergent Persistent Semi-Permanently Flooded PEMIF 167,131.5 
Palustrine Emergent Persistent Semi-Permanently Flooded Diked/Impounded PEM1Fh 12.8 0.0 
Palustrine Emergent Persistent Permanently Flooded* PEM1H Si 
Palustrine Emergent Nonpersistent/Persistent Semi-Permanently Flooded PEM2/1F 5,044.4 0.0 
Palustrine Emergent Nonpersistent/Unconsolidated Bottom Semi-Permanently PEM2/UBF an 64.3 ea | 
Flooded 

Palustrine Emergent Nonpersistent/Unconsolidated Bottom Permanently Flooded —CPEMDUBH 781.0 
emaluenine Emergent Nonpersistent Semi-Permanently Flooded PEM2F 178.8 0.0 
Palustrine Emergent Nonpersistent Permanently Flooded =i PEM2H 2,408.1 
Palustrine Scrub-Shrub/Emergent Persistent Temporarily Flooded PSS/EM1A 489.0 0.0 
Palustrine Scrub-Shrub/Emergent Persistent Seasonally Saturated PSS/EM1B 15,969.0 Brno 
Palustrine Scrub-Shrub/Emergent Persistent Seasonally Flooded/Saturated PSS/EM1E DSO 
Palustrine Scrub-Shrub/Emergent Persistent Semi-Permanently Flooded PSS/EMI1F 50.9 0.0 
sate Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Temporarily PSS1/EM1A 1,348.5 i 
Flooded 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Seasonally PSS1/EM1B 9,850.8 94.0 
Saturated i 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Seasonally PSS1/EM1C 167.5 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Continuously | PSS1/EMID DSS 235 
Saturated 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Seasonally | PSST/EMIE 11,783.9 0.0 
Flooded/Saturated 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Emergent Persistent Semi- PSS1/EMIF TL 0.0 
Permanently Flooded 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Unconsolidated Shore Temporarily | PSS1/USA 747.5 0.0 

Flooded 

Palustrine Scrub-Shrub Broad-Leaved Deciduous/Unconsolidated Shore Seasonally PSS1/USB 18.0 18.0 
Saturated? 
|Palustrine Scrub-Shrub Broad-Leaved Deciduous/Unconsolidated Shore Seasonally PSS1/USC 13.9 0.0 

Flooded 

Palustrine Scrub-Shrub Broad-Leaved Deciduous Temporarily Flooded PSSIA 4,449.0 0.0 
Palustrine Scrub-Shrub Broad-Leaved Deciduous Seasonally Saturated PSS1B 2,697.6 374.8 
Palustrine Scrub-Shrub Broad-Leaved Deciduous Seasonally Flooded PSSIC 
iPalusaine Shrub-Scrub Broad-Leaved Deciduous Continuously Saturated* PSS1D 123.1 123.1 
Palustrine Shrub-Scrub Broad-Leaved Deciduous Seasonally Flooded/Saturated PSSIE 

Palustrine Scrub-Shrub Broad-Leaved Evergreen/Emergent Persistent Seasonally PSS3/EM1B 6.4 6.4 
Saturated 

Palustrine Scrub-Shrub Broad-Leaved Evergreen/Emergent Persistent Continuously | PSS3/EM1D 22.0 22.0 
Saturated ae 

Palustrine Scrub-Shrub Broad-Leaved Evergreen Seasonall Saturated? PSS3B isa 
Palustrine Unconsolidated Bottom/Emergent Persistent Semi-Permanently Flooded PUB/EMI1F SO) 7) 0.0 
Palustrine Unconsolidated Bottom/Emergent Nonpersistent Semi-Permanently PUB/EM2F es 45.0 0.0 

Flooded 

Palustrine Unconsolidated Bottom/Emergent Nonpersistent Permanently Flooded PUB/EM2H 734.1 i F000 Se 
Palustrine Unconsolidated Bottom Semi-Permanently Flooded PUBF 155.8 0.0 
[Palustrine Unconsolidated Bottom Semi-Permanently Flooded Diked/Impounded PUBFh on’ | we 80.0 
Palustrine Unconsolidated Bottom Permanently Flooded PUBH 61,283.2 
Palustrine Unconsolidated Bottom Permanently Flooded Diked/Impounded PUBHh 42.9 0.0, uae 
Palustrine Unconsolidated Bottom Permanently Flooded Excavated PUBHx 
Palustrine Unconsolidated Shore/Emergent Persistent Temporarily Flooded PUS/EM1A 483.2 oe 00 Aa 
Palustrine Unconsolidated Shore/Emergent Persistent Seasonally Flooded  ePUS/EM1 Cull oiiiek 69.30 eee RIN 
Palustrine Unconsolidated Shore/Emergent Persistent Seasonally Flooded/Saturated_| PUS/EMIE ei 2.309, een |e 0 eae 


Palustrine Unconsolidated Shore Temporarily Flooded 
Palustrine Unconsolidated Shore Seasonally Flooded 
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Palustrine Unconsolidated Shore/Scrub-Shrub Broad-Leaved Deciduous Temporarily | PUS/SSI1A 
Flooded 


PUSA 265.6 
PUSC 165.7 


0.3 
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Acres in Field- 
Verified Portion of 


Wetland Type Cowardin Acres in Analysis 
Code* Area? 


Analysis Area‘ 
RIUBV 43.0 


fon 
i) 


RIUSQ 


R2EM2/UBH 


7.3 
578.3 


0.0 


aw 
Nn 
So 
j=) 


eS 
wo 
x 
ee 
~—l 
o 
S 
oo 


37 
20.4 
0.0 
0.0 
eR USORE| Roe SI23 a6 | Sa Ora | 
AE RASB ANS (Sas R22 a EN O00. | 
0.0 
0.0 
129.7 
0.0 
2,903,709.2 12,9145 


Note: N/A (not applicable); USFWS (U.S. Fish and Wildlife Service). Bold terms (excluding “total”) are defined in the glossary. 

* Cowardin 1979 (codes defined therein) 

> Wells et al. 2018 and USFWS 2016 

* Wells et al. 2018 

“ Wetland type uses a higher-resolution classification than that in the USFWS inventory (2016) and would only be documented through field verification. The 
lack of this wetland type in the rest of the analysis area is due to mapping methods and to the USFWS inventory (2016) covering a broad area that did not 
receive the same level of field verification as the Project area. 

“ Cowardin code of “U” was field verified; Cowardin code of “Upland” included all areas in National Wetlands Inventory mapping that were not identified as 
wetlands; Cowardin code for ‘Us’ was field verified to distinguish between vegetated uplands and developed uplands. 


1.2 Comparison of Alternatives: Wetlands and Vegetation 
Tables E.9.2 and E.9.3 detail the acres of direct and temporary fill in wetlands by wetland type and action 
alternative or module delivery option. Table E.9.4. summarizes direct wetland loss by watershed and action 


Table E.9.2. Acres of Wetland Loss Due to Direct Fill or Excavation by Wetland Type and Action 


Alternative or Module Deliver ption* 
Cowardin Code Alternative B: Alternative C: Alternative D: Biya op Option 1; Option 2: Option 3: 
Proponent’s Disconnected Disconnected Three-Pad Atigaru Point Point Lonely Colville River 
Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad tense Seiitl Transfer 
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Cowardin Code Alternative B: Alternative C: Alternative D: Baus oe Option 1: Option 2: Option 3: 
Proponent’s Disconnected Disconnected Three-Pad Atigaru Point Point Lonely Colville River 
Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad Mien SOs Sent Transfer 
PSS3/EM1D 
PSS3B 
PUBH 
R2UBH 
R2USC 
U 
[Us 
aa 
Total 620.1 : 689.2 : 0.0 : 
Total in Wetlands 605.0 739.0 0.0 0.0 4.6 
Total in Freshwater 7.0 9.5 10.1 |. Uw Ee 0.0 0.0 
WOUS a 
Total in Uplands 8.1 35. | 49 oo 000 [| 00 i 04 
Note: < (less than); WOUS (Waters of the United States). C owardin codes are defined in Table E.9.1. Numbers may differ slightly with other reported values 


in the Environmental Impact Statement due to rounding. 
® Fill that is not in wetlands would be in uplands or freshwater WOUS (lakes, ponds, or rivers). 


Table E.9.3. Acres of Temporary Fill from Multi-Season Ice Pads by Wetland and Waterbody Type and 


Action Alternative or Module Delivery Option* 
Cowardin Code Alternative B: Alternative C: Alternative D: BAGge (3 oy Option 1: Option 2: Option 3: 
Proponent’s Disconnected Disconnected Winccoeteem Atigaru Point Point Lonely Colville River 
Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad Transfer Transfer 
Island 


PEM1/SS1B 
PEM1/SS1D 97 
PEMI1/SSIE 0.0 
PEM1/SS3B Co 


permit as temporary fill. 


Table E.9.4. Direct Wetland Loss by Watershed and Action Alternative* 
Watershed Alternative Alternative Alternative C: Alternative C: Alternative D: Alternative D: Alternative | Alternative E: 
(acres) B: B: Disconnected Disconnected Disconnected Disconnected MMU ¢ Ul et) 
Proponent’s Proponent’s Infield Roads Infield Roads Neca Clerc Mee Ccessnesenas Alternative | Alternative 
Project Project (% of (acres) (% of watershed) Access 

(acres) watershed) watershed) 


Colville River 
Delta-Frontal 
Harrison Bay 
(303,614.3) 
Kalikpik 28.0 =<()u 29.1 
River 


(233,090.1) + 
Outlet Fish 60.8 <0.1 111.8 

Creek L 
(137,576.9) 

Outlet Judy 358.0 0.1 al 361.8 
Creek 
|(246,274.6 
Ublutuoch 155.0 ai 0.1 
River 


(150,954.4) _| 


Appendix E.9 Vegetation and Wetlands Page 4 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


Alternative Alternative Alternative C: Alternative C: Alternative D: Alternative D: WAVGairinZopevico ait leh ion Op 
(acres) B: B: Disconnected Disconnected Disconnected Disconnected [ORM UN gee elie Desc ale 
Proponent’s Proponent’s Infield Roads: Infield Roads Access (acres) Access (% of PRNitsait ico meeecoaielihys 
Project Project (% of (acres) (% of watershed) (% of 
(acres) watershed) watershed) watershed 


Ugnuravik 0.7 <0.1 0.7 <0.1 0.7 <0.1 0.7 <0.1 
River 
77,253.8) 
Total Fill 604.8 N/A 739.1 N/A 674.3 N/A 552.2 N/A 
and 
Excavation 
in Wetlands 
Fill and 7.0 N/A 9.5 N/A 10.0 N/A N/A 
Excavation 
in Waters of 
the U.S. 


Fill and 8.1 N/A 338) N/A 4.9 N/A 
Excavation 
in Uplands 
Total mier619:9 752.1 N/A 689.1 N/A N/A 
Note: < (less than); N/A (not applicable). The total acres for each watershed were assumed to be equal to the total wetland acres since uplands compose less 
than 1% of the analysis area. Direct wetland loss would come from either the placement of gravel fill or excavation (e.g., gravel mine site, constructed 
freshwater reservoir). Total acres of direct fill and excavation may vary slightly from other resource sections in the Environmental Impact Statement because 
those sections include fill in uplands and this section does not. Wetland loss for Option 3 would be less than 5 acres and thus is not included in the table. 


Table E.9.5. Acres of Vegetation Damage from Ice Infrastructure by Action Alternative or Module 


Delivery Option* 
Ice Infrastructure Alternative B: Alternative C: Alternative D: BG@rruce on Option 1: Option 2: Option 3: 
Proponent’s. Disconnected Disconnected Suneroeliie Aticaru Point Point Lonely Colville River 
Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad Transfer Transfer 
Island Island 


Single-season ice : 1,166.4 1,241.4 830.6 118.9 ose) 
pads 


Multi-season ice : 30.1 

pads 

Freshwater ice 590. 4,411.6 893. : } 1,530.9 

roads 

Total ; 5,608.1 
Note: The total acres indirectly impacted by ice infrastructure were assumed to be equal to wetland acres, since uplands compose less than 1% of the analysis 
area. 


Table E.9.6. Acres of Indirect Dust Shadow on Wetlands and Vegetation by Wetland Type and Action 


Alternative or Module Delivery Option* 
Cowardin Code Alternative B: Alternative C: Alternative D: BUioe ety Option 1; Option 2: Option 3: 
Proponent’s Disconnected Disconnected (Muntele Atigaru Point Point Lonely Colville River 
Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad Transfer Transfer 
Island Island 
LIUBH ; Riocen wool <0.1 
L2EM2H 
PEM1/SS1B 
PEM1/SS1D 
PEM1/SS1E 
PEM1/SS1F 
PEMI1B 
PEM1D 


PSS1/EM1B 


PSS1/EM1D 


PSS1/USB ; 
PSS1B 107.2 
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Cowardin Code Alternative B: Alternative C: Alternative D: BVIGaE Ma o5 Option 1: Option 2: Option 3: 
Proponent’s Disconnected Disconnected switeeeiee Atigaru Point PointLonely Colville River 


Project Infield Roads Access Alternative Module Module Crossing 
(Fourth Pad Transfer Transfer 
Island Island 


PSSID ; if ‘ 
5.3 0.0 
PSS3/EM1D 
PSS3B 28.7 
PUBH : 10.7 
RIUBV 0.2 0.2 
R2UBH 14.5 10.0 
[R2USC 71 1.9 4.0 
U 64.6 
Us 0.2 0.2 : 
Total 3,448.5 3,466.8 2,690.7 
Total in Wetlands? 3,277.1 3,326.3 : 
Total in Freshwater 106.6 100.5 91.9 a oe 
WOUS 
Total in Uplands 64.8 40.0 54.3 é 
Note: < (less than); WOUS (Waters of the United States). Cowardin codes are defined in Table E.9.1. Dust shadow is calculated from all gravel infrastructure. 


Numbers may differ slightly from other reported values in the Environmental Impact Statement due to rounding. 
@ Fill that is not in wetlands would be in uplands or freshwater WOUS (lakes, ponds, or rivers). 


Table E.9.7. Indirect Dust Shadow in Wetlands and Waterbodies by Watershed and Action Alternative* 
Watershed Alternative B: Alternative Alternative C: Alternative C: Alternative D: Alternative D: BMGuruy Alternative 
(acres) Proponent’s B: Disconnected Disconnected Disconnected Disconnected [BOHM Ui (lame dyg Wiese 


Project Proponent’s. Infield Roads Infield Roads Access (acres) Access (% of Pad Pad 
(acres) Project (% of (acres) (% of Sriisesitcthwal Alternative | Alternative 
watershed) watershed) (acres) (% of 
watershed 
Colville River Doi <0.1 Well 0.1 26.5 <0.1 


Delta-Frontal 
Harrison Bay 


\(224,452.3) 
Kalikpik River 193.1 0.1 193.7 Ape 0.1 


(233,088.3) 
Outlet Fish Creek 563.8 0.4 751.8 0.5 
(137,576.9) 
Outlet Judy Creek 2,417.5 1.0 22453) 0.9 


(246,274.6) 

Ublutuoch 180.8 0.1 207.6 0.1 
(Tinmiagsiugvik) 

IRiver (150,954.4) 

Ugnuravik River 0.9 <0.1 0.9 <0.1 0.9 <0.1 <0.1 
Ke25358)) 


[Total 3,383.6 N/A 3,426.9 N/A 2,636.5 N/A 2,814.6 


Note: < (less than); N/A (not applicable). The total acres for each watershed were assumed to be equal to the total wetland acres since uplands compose less 
than 1% of the analysis area. However, numbers may vary slightly from other resource sections in the Environmental Impact Statement because those sections 
include fill to uplands and this section does not. Dust shadow is calculated from all gravel infrastructure. Dust shadow for Option 3 would be less than 28 acres 
and thus is not included in the table. 


Ns —— TT 


Appendix E.9 Vegetation and Wetlands Page 6 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


2.0 REFERENCES 


Cowardin, L.M. 1979. Classification of Wetlands and Deepwater Habitats of the United States. Washington, 
D.C.: USFWS. 


USFWS. 2016. National Wetlands Inventory. Accessed March 29, 2016. https://www.fws.gov/wetlands/. 


Wells, A.F., S.L. Ives, T. Christopherson, D. Dissing, G.V. Frost, M.J. Macander, and R.W. McNown. 2018. An 
Ecological Land Survey and Integrated Terrain Unit Mapping for the Willow Master Development Plan 
Area, National Petroleum Reserve-Alaska, 2017-2018. Anchorage, AK: Prepared by ABR, Inc. for 
ConocoPhillips Alaska, Inc. 


Appendix E.9 Vegetation and Wetlands Page 7 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


This page intentionally left blank. 


Appendix E.9 Vegetation and Wetlands Page 8 


Willow Master Development Plan 


Appendix E.10 
Fish Technical Appendix 


January 2023 


This page intentionally left blank. 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


Table of Contents 

1.0 PUT APLC Les MEU LOWS Loser Le av pee mertetcg on een areteneere tet eee reat ova cesacccve sens vsatfueeaianes id sabeves ie faussuacwasesersee l 
List of Tables 

Table E.10.1. Willow Project Area Lakes and Fish Species that Occur in the Alternative B Analysis Area ............ ] 
Table E.10.2. Willow Project Area Lakes and Fish Species that Occur in the Alternative C Analysis Area*® .......... 2 
Table E.10.3. Willow Project Area Lakes and Fish Species that Occur in the Alternative D Analysis Area” .......... 2 
Table E.10.4. Willow Project Area Lakes and Fish Species that Occur in the Alternative E Analysis Area® .......... - 
List of Species 


Alaska blackfish (Dallia pectoralis) 

Arctic grayling (Thymallus arcticus) 

Broad whitefish (Coregonus nasus) 
Humpback whitefish (Coregonus pidschian) 
Least cisco (Coregonus sardinella) 
Ninespine stickleback (Pungitius pungitius) 
Round whitefish (Prosopium cylindraceum) 
Slimy sculpin (Cottus cognatus) 


Appendix E.10 Fish Page i 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


This page intentionally left blank. 


Appendix E.10 Fish Page 11 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


1.0 FISH IN THE ANALYSIS AREA 


Tables E.10.1 through E.10.4 summarize Willow project area lakes and the fish species that are present inthe 


Table E.10.1. Willow Project Area Lakes and Fish Species that Occur in the Alternative B Analysis Area* 


Status 
Not sampled; Nearby larger and similar sized lakes do not contain | Unfrozen 
fish 

Small lake Not sampled; NSSB possible Unfrozen 
M1523 NSSB Unfrozen 70.15469 _|-152.113 
No fish captured Unfrozen 70.28623 |-149.866 
BDWF, BKFH, HBWF, LSCS, NSSB, RDWE, SLSC Unfrozen 70.32266 |-150.98 
70.28425__|-151.271 
Hoo Lise ee 43 |NSSB [Unfrozen __|70.17073_[-151.79 


M8103 NSSB -149.894 
-152.195 
-152.193 


Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.30939  |-152.196 
fish 
Small lake Frozen 70.32664 |-152.221 


Wetland ponds 70.28688 |-152.222 
Small lake 70.32082 |-152.211 


Frozen 70.20368 |-152.105 
Wetland ponds 70.27688 _|-152.199 
70.21493 _|-152.105 
-152.086 
NSSB inferred, connected to Lake M1523 70.15742 |-152.088 
BDWF, NSSB -152.179 | 
J 70.17279 _|-152.121 
Wetland ponds N 70.17713 

[Wetland ponds _|? -152.186 
M0017 J -152.133 
Wetland ponds None -152.113 
Small lake Not Sampled; NSSB possible 
Wetland ponds None 70.15845  |-151.774 
Wetland ponds Frozen 70.15558 |-151.81 
Wetland ponds None Frozen 70.14726 |-151.867 
Wetland ponds None Frozen 70.16142 |-151.762 
Wetland ponds NSSB Frozen 
Wetland ponds None Frozen 
Small lake Not sampled; NSSB possible Frozen 
None Frozen 70.14187 |-151.888 
Mine Site Not sampled; Isolated (fish unlikely) _ Frozen 70.28641 _|-149.887 
None Frozen 70.28466 |-149.898 
None 


pond/impoundment 


[Mine Site _—_ | Not sampled; Isolated (fish unlikel 70.28669 _|-149.883 
[Wetland ponds 70.27822 _|-149.911 | 


" Note: BDWF (broad whitefish); BKFH (Alaska blackfish); GRAY (Arctic grayling); HBWF (humpback whitefish); LSCS (least cisco); NSSB (ninespine 
_ stickleback); RDWF (round whitefish); SLSC (slimy sculpin). 
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Table E.10.2. Willow Project Area Lakes and Fish Species that Occur in the Alternative C Analysis Area* 


Lake Species Winter Water |Latitude | Longitude 
Status 
M8103 NSSB 
M8103 NSSB Unfrozen 
M0235 No fish captured Unfrozen 
MMI1818 No fish captured Unfrozen 70.29404 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Unfrozen 70.29929 
fish 

Small lake Not sampled; NSSB possible 
M1523 NSSB Unfrozen 
[M8104 
M9525 BDWF, BKFH, HBWFE, LSCS, NSSB, RDWF, SLSC 70.32266 
L9824 BKFH, GRAY, NSSB 
M0015 NSSB, GRAY Unfrozen 
|L9911 NSSB Unfrozen 
Mine Site Not sampled; Isolated (fish unlikel Frozen 70.2864 1 
Wetland ponds None Frozen 70.28466 _|-149.898 
Wetland ponds None Frozen 70.2754 -150.062 
Wetland None -149.728 
pond/impoundment 

Mine Site Not sampled; Isolated (fish unlikely) Frozen 70.28669 
Wetland ponds None Frozen 70.27822 
Wetland ponds Frozen -152.203 
Wetland ponds -152.196 
Small pond 70.13415  |-152.01 
Wetland ponds None -152.172 
Wetland ponds Frozen 70.27549 
|Small lake 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.30939 |-152.196 


fish 


Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 
fish 
Wetland ponds 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.32082 |-152.211 
fish 

Wetland ponds None Frozen 
Wetland ponds None Frozen 
Wetland ponds __|None 
M1522 NSSB 
M2108 
Wetland ponds___| None 
Wetland ponds __| None 
M0017 NSSB Frozen 70.10085 _}-152.133 

Wetland ponds___|None 
Wetland ponds __|None 
Wetland ponds _| None 
Wetland ponds___|None 
Wetland ponds 
Wetland ponds___|NSSB 
Wetland ponds___|None 
Small lake Not sampled; NSSB possible 
Wetland ponds _[None [Frozen _|70.14187_|-151.888_| 


"Note: BDWF (broad whitefish); BKFH (Alaska blackfish), GRAY (Arctic grayling); HBWF (humpback whitefish); LSCS (least cisco); NSSB (ninespine 
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Table E.10.3. Willow Project Area Lakes and Fish Species that Occur in the Alternative D Analysis Area* 


Lake Species Winter Water |Latitude | Longitude 
Status 
Unfrozen 70.29131_|-149.916 
M8103 -149.894 
M0235 No fish captured Unfrozen 70.23704 |-152.188 
Unfrozen 70.29404__|-152.225 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Unfrozen 70.29929  |-152.204 
fish 
Small lake Not sampled; NSSB possible nfrozen 70.03551 _}-152.195 
Infrozen -152.113 
No fish captured Unfrozen 70.28623 |-149.866 
M9525 BDWF, BKFH, HBWF, LSCS, NSSB, RDWF, SLSC Unfrozen -150.98 
L9824 BKFH, GRAY, NSSB Unfrozen 70.28425  |-151.271 
-152.058 
Not ‘sampled; Isolated (fish unlikely) Frozen 70.28641 _|-149.887 
Wetland ponds Y Frozen 70.28466 _|-149.898 
None Frozen 70.2754 |-150.062 
Wetland Y Frozen 70.33655  |-149.728 
pond/impoundment 
Mine Site Not sampled; Isolated (fish unlikel 70.28669 _|-149.883 
Wetland ponds 70.27822_|-149.911 
None 70.10958 |-152.135 
i 70.10867  |-152.154 
Wetland ponds 
Wetland ponds 70.11185 
Wetland ponds 
Wetland ponds Frozen 70.24239  |-152.172 
[Smalllake ——_| No fish captured Frozen 70.31457 _|-152.193 
Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.30939 |-152.196 
fish 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.32664 |-152.221 
fish 
Wetland ponds -152.222 
Small lake Not sampled; Nearby larger and similar sized lakes do not contain | Frozen 70.32082 |-152.211 
fish Pont 
Wetland ponds Frozen 70.20368 |-152.105 
Wetland ponds 
Wetland ponds 
M1522 NSSB 
Small pond NSSB inferred, connected to Lake M1523 Frozen 70.15742 |-152.088 
M2108 BDWF, NSSB Frozen 70.2494 
Wetland ponds None Frozen JOAT279. © (-152.121 
Wetland ponds None Frozen TO ATITS eal S241 
Wetland ponds None Frozen 70.25424 |-152.186 
M0017 ES Saad ee ne ode etd te py) | Frozen, i779, /70;10085 |-152.133 
Wetland ponds NSSB -152.078 
Wetland ponds None Frozen 
[Smalllake Not sampled; NSSB possible Frozen -152.102 


" Note: BDWF (broad whitefish); BKFH (Alaska blackfish); GRAY (Arctic grayling); HBWF (humpback whitefish); LSCS (least cisco); NSSB (ninespine 
_ stickleback); RDWF (round whitefish); SLSC (slimy sculpin). 
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Table E.10.4. Willow Project Area Lakes and Fish Species that Occur in the Alternative E Analysis Area* 


| NSS a Ae iri aha ea a Rea ee [foe re We Ne 


INSSB. eta ne See eda 2  Uniozeneie MO IO TS Sie 


Winter Water | Latitude 
Status 


Longitude 


70.28761 |-149.894 


Unfrozen 0.11906 _|-152.063 


Unfrozen 70.20167 _[-152.118 
[Unfrozen _—|70.24747_|-152.151 


: 


-152.113 
-149.866 


Lake Species 

M8103 

M8103 NSSB 

M0014 No fish captured 

M0110 

M0112 

L9911 

M0235 No fish captured 

M1523 

M8104 No fish captured 

M9525 BDWE, BKFH, HBWF, LSCS, NSSB, RDWF, SLSC 
L9824 BKFH, GRAY, NSSB 

M0015 NSSB, GRAY 

Mine Site Not sampled; Isolated (fish unlikel 


Unfrozen 70.28425 |-151.271 
Unfrozen 70.10824 |-152.058 
Frozen 70.28641 |-149.887 


Wetland ponds None -149.898 
Wetland ponds None -150.062 
pond/impoundment 

Mine Site Not sampled; Isolated (fish unlikel 
Wetland ponds _|None 
Wetland ponds NSSB, GRAY 
Small lake Not Sampled: NSSB possible 
Wetland ponds None -151.774 
Wetland ponds 
Wetland ponds 
Wetland ponds N Frozen -151.762 
Wetland ponds None -151.888 
Wetland ponds __|None 
M1522 NSSB 
Small pond NSSB inferred, connected to Lake M1523 -152.088 
M2108 BDWE, NSSB Frozen -152.179 
Wetland ponds __|None 
Wetland ponds None -152.11 
Wetland ponds __|None 
M0017 NSSB 
Wetland ponds __|None 
Wetland ponds __|NSSB 
Wetland ponds __[None 
Small lake [Not sampled; NSSB possible C—~“‘CSWCCCC(Frozen =~ (70.1131 [-152.102_| 


_ Note: BDWF (broad whitefish); BKFH (Alaska blackfish); GRAY (Arctic grayling); HBWF (humpback whitefish); LSCS (least cisco); NSSB (ninespine 
' stickleback); RDWF (round whitefish); SLSC (slimy sculpin). 
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1.0 BIRDS 
1.1 Bird Species and Habitats 


Table E.11.1 summarizes bird species and habitat use in the analysis area. 


Table E.11.1. Bird Species that may Occur in the Analysis Area 
Group English Name Scientific Relative Status Habitats Used? References 


Name Abundance* 


Anser albifrons |Common 
Waterfowl | Snow goose® 


Brant Branta bernicla |Common 


Waterfowl 


Greater white- Breeder 


fronted goose 


SAMA, TLHC, DOWIP, SOW, 
SOWIP, SEMA, DPC, YBWC, 
OBWC, NPWM, PWM, MSSM, 
MTT, TLDS 

ONW, BRWA, SAMA, TFB, TLLC, 
TLHC, DOW, DOWIP, SOW, 
SEMA, DPC, GRMA, OBWC, 
NPWM, PWM, MSSM, MTT, TLDS, 
BAR? 

ONW, BRWA, SAMA, TFB, TLLC, | Burgess, Johnson et al. 2013; Day, Prichard et al. 2005; Johnson, 
TLHC, DOWIP, SOW, SOWIP, RS, | Burgess, Lawhead, Neville et al. 2003; Johnson, Burgess et al. 2004; 
DPC, YBWC, OBWC, NPWM, Johnson, Parrett et al. 2015; Johnson, Parrett et al. 2014; Johnson, 
PWM, BAR Wildman et al. 2012, 2013 

DOW, DOWIP, SOW, SOWIP, Burgess, Johnson et al. 2013; Johnson, Burgess et al. 2004, 2005; 
SEMA, YBWC, OBWC, NPWM, Johnson, Parrett et al. 2015; Johnson, Parrett et al. 2014; Rozell and 
PWM Johnson 2016 


Breeder BRWA, SAMA, TFB, TLLC, TLHC, | Johnson, Burgess, Lawhead, Neville et al. 2003; Johnson, Burgess et al. 
DOW, DOWIP, SOW, RS, SEMA, 2005; Johnson, Parrett et al. 2015; Johnson, Parrett et al. 2016; 
BAR 


Burgess, Johnson et al. 2003; Burgess, Johnson et al. 2013; Johnson, 
Burgess, Lawhead, Neville et al. 2003; Johnson, Burgess et al. 2004, 
2005; Johnson, Parrett et al. 2014; Rozell and Johnson 2016 


Anser Common Breeder 


Burgess, Johnson et al. 2013; Johnson, Burgess et al. 2004; Johnson, 
caerulescens 


Parrett et al. 2015; Johnson, Parrett et al. 2014; Johnson, Wildman et al. 
2012, 2013; Mowbray, Cooke et al. 2000 


Canada goose | Branta Common 


canadensis 


Tundra swan Cygnus 


columbianus 


DPC, GRMA, YBWC, OBWC, Jorgenson 2004; Rothe, Markon et al. 1983 
NPWM, PWM, MSSM, MTT, TLDS, 


Strepera 
wigeon americana 
Anas Burgess, Johnson et al. 2003; Johnson, Burgess et al. 2005 
latyrhynchos 
Spatula SEMA, GRMA, NPWM, PWM, Burgess, Johnson et al. 2003; Johnson, Burgess, Lawhead, Neville et al. 
shoveler clypeata MSSM 2003; Rothe, Markon et al. 1983 


Waterfowl |Northern pintail | Anas acuta Common SEMA, DPC, NPWM, PWM, Burgess, Johnson et al. 2003; Johnson, Burgess et al. 2004, 2005; 


MSSM, MTT, TLDS, BAR Johnson, Burgess, Lawhead, Neville et al. 2003; Johnson, Parrett et al. 
2014; Johnson, Parrett et al. 2015; Rothe, Markon et al. 1983; Rozell 
Waterfowl |Green-winged | Anas crecca Uncommon Breeder 
teal 


and Johnson 2016 

Burgess, Johnson et al. 2003; Johnson, Burgess et al. 2004, 2005; 
Johnson, Burgess, Lawhead, Neville et al. 2003; Johnson, Parrett et al. 
2014; Rothe, Markon et al. 1983; Rozell and Johnson 2016 


Waterfowl | Canvasback Aythya Casual Visitor NA‘ Johnson and Herter 1989 
valisineria 
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Lawhead, Neville et al. 2003; Kertell 1996; Rothe, Markon et al. 1983; 
Rozell and Johnson 2016 


Group English Name _ Scientific Relative Status Habitats Used” 
Name Abundance* 
Waterfowl |Greaterscaup |Aythyamarila |Uncommon Breeder ONW, SEMA, DPC, GRMA, 
YBWC, NPWM, PWM, MSSM 
Waterfowl |Lesserscaup | Aythya affinis __|Rare | Breeder ONW, NPWM 
Waterfowl |Steller’s eider | Polysticta Casual Visitor SOWIP, SEMA, YBWC, OBWC, 
stelleri GRMA, NPWM, PWM, MSSM 
Waterfowl | Spectacled Somateria Uncommon _ | Breeder ONW, BRWA, SAMA, SKT, 
eider fischeri TLHC, DOW, DOWIP, SOW, 
SOWIP, DPC, GRMA, YBWC, 
OBWC, NPWM, PWM 
Waterfowl | King eider Somateria Common Breeder ONW, BRWA, SAMA, TLLC, 
spectabilis DOW, DOWIP, SOW, SOWIP, RS, 
SEMA, DPC, GRMA, YBWC, 
OBWC, NPWM, PWM, MSSM 
Waterfowl |Common eider*® | Somateria Uncommon Breeder ONW, BAR®* 
mollissima 
Waterfowl | Surf scoter Melanitta Common Breeder ONW 
erspicillata 
Waterfowl |White-winged | Melanitta Common Breeder ONW 
deglandi 
Waterfowl | Black scoter Melanitta Casual Visitor 
americana 
Waterfowl Clangula Common Breeder ONW, BRWA, DOW, DOWIP, 
hyemalis SOW, SOWIP, SEMA, DPC, 
GRMA, YBWC, OBWC, NP WM, 
PWM, MSSM, MTT, TLDS, RS 
Waterfowl | Red-breasted Mergus serrator | Rare Breeder DOW, DOWIP, SOWIP 
merganser 
Podiceps Rare Breeder TLHC, DOW, SEMA, GRMA‘ 
grebes orebe grisegend 
Loons and |Red-throated |Gavia stellata |Common Breeder ONW, BRWA, SAMA, SOWIP, 
grebes loon DPC, OBWC, RICO, NPWM, 
PWM! 
Loons and ___| Pacific loon Gavia pacifica |Common Breeder ONW, BRWA, SAMA, TLHC, 
grebes DOW, DOWIP, SOW, SOWIP, 
SEMA, DPC, GRMA, OBWC, 
RICO, NPWM, PWM, MSSM, 
HUMO! 
srebes ntal 
Loons and | Yellow-billed |Gavia adamsii |Common Breeder ONW, TLHC, DOW, DOWIP, 
grebes loon | SOWIP, SEMA, DPC, GRMA, 
NPWM, PWM, MSSM‘ 
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Day, Prichard et al. 2005; Fischer and Larned 2004; Johnson, 
Burgess et al. 2004; Johnson, Burgess, Lawhead, Neville et al. 2003; 
Johnson, Parrett et al. 2015; Johnson, Parrett et al. 2016; Rothe, 

Markon et al. 1983 
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Group English Name __ Scientific Relative Status Habitats Used 
Name Abundance* 
Pomarine jaeger | Stercorarius Uncommon __ | Visitor NA‘ 
pomarinus 
Seabirds Parasitic jaeger | Stercorarius Uncommon Breeder SEMA, YBWC, OBWC, DPC, 
parasiticus NPWM, PWM, MSSM, RICO 
Long-tailed Stercorarius Uncommon Breeder OBWC, NP WM, PWM, MSSM, 
Jaeger longicaudus MTT 
Black guillemot | Cepphus grylle_|Rare Visitor ONW 
Black-legged __| Rissa tridactyla | Rare Visitor ONW 
kittiwake 
Sabine’s gull Xema sabini Uncommon Breeder ONW, BRWA, SAMA, DOW, 
| DOWIP, SOWIP, SEMA, DPC, 
OBWC, NPWM, MSSM, SKT, BAR 
Larus Casual/ Visitor NA‘ 
argentatus Accidental 
Thayer’s gull | Larus thayeri | Casual/ Visitor NA‘ 
Accidental 
Glaucous- Larus Casual/ Visitor NA‘ 
winged gull glaucescens Accidental Se." 
Seabirds Glaucous gull | Larus Common Breeder ONW, BRWA, TFB, TLLC, TLHC, 
hyperboreus DOWIP, SOW, SOWIP, SEMA, 
YBWC, OBWC, BAR, DPC 
Seabirds Arctic tern Sterna Common Breeder ONW, SKT, SAMA, TLHC, DOW, 
paradisaea DOWIP, SOWIP, SOW, SEMA, 
DPC, YBWC, OBWC, NP WM, 
PWM, MSSM 
Shorebirds Pluvialis Common Breeder OBWC, DUCO, PWM, MSSM 
lover squatarola 
Shorebirds | American Pluvialis Common Breeder SAMA, DPC, PWM, MSSM, MTT, 
golden-plover _|dominica TLDS 
Shorebirds |Semipalmated | Charadrius Uncommon Breeder BAR, HUMO 
lover semipalmatus 
Shorebirds | Upland Bartramia Casual/ Visitor 
sandpiper longicauda Accidental 
a 
Shorebirds | Whimbrel Numenius Rare Breeder PWM 
haeopus 
Shorebirds _ | Bar-tailed Limosa Uncommon __ | Breeder NPWM, PWM, MSSM, MTT, 
godwit lapponica TLDS 
Ruddy turnstone| Arenaria Uncommon Breeder SKT, DPC, NPWM, PWM 
interpres 
Shorebirds | Red knot Calidris Rare 
canutus 
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Andres 1989; Rothe, Markon et al. 1983 


Andres 1989; Brown, Bart et al. 2007; Meehan 1986; Rothe, Markon et 
al. 1983; Taylor, Lanctot et al. 2010 
Johnson and Herter 1989 


Johnson and Herter 1989 


Burgess, Johnson et al. 2003 


Burgess, Johnson et al. 2003; Day, Prichard et al. 2005; Johnson, 
Burgess, Lawhead, Neville et al. 2003; Johnson, Burgess et al. 2004; 
Johnson, Parrett et al. 2015; Johnson, Parrett et al. 2016; 
McCaffery and Gill 2001 
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Group English Name — Scientific Relative —_—‘ Status Habitats Used” References 
Name Abundance* 


Shorebirds | Stilt sandpiper YBWC, OBWC, PWM, NPWM Andres 1989, 1994; LGL Alaska Research Associates Inc. 1988 
himantopus 


Shorebirds _ | Sanderling Calidris alba Rare Visitor TFB Johnson and Herter 1989 
Shorebirds | Dunlin Calidris alpina |Common Breeder SAMA, TFB, SEMA, YBWC, Andres 1989; LGL Alaska Research Associates Inc. 1988; Taylor, 


OBWC, NPWM, PWM, MSSM Lanctot et al. 2010 


Baird’s MSSM, TLDS, BAR, MTT Moskoff and Montgomerie 2002 
sandpiper 

Visitor NA¢ Johnson and Herter 1989 
Accidental 


Rare Breeder NPWM, PWM, MSSM, TLDS Parmelee 1992 


Shorebirds 


Calidris 
minutilla 
White-rumped | Calidris 
sandpiper uscicollis 
Buff-breasted | Calidris 


Shorebirds 


Least sandpiper 


Shorebirds 


Shorebirds Rare Breeder DUCO, NPWM, MSSM, MTT, McCarty, Wolfenbarger et al. 2017 


sandpiper subruficollis TLDS, BAR 
Shorebirds | Pectoral Calidris Common Breeder SAMA, SEMA, GRMA, DPC, Andres 1989; Brown, Bart et al. 2007; LGL Alaska Research Associates 
sandpiper melanotos YBWC, OBWC, NPWM, PWM, Inc. 1988; Taylor, Lanctot et al. 2010 
MSSM, BAR 
Shorebirds |Semipalmated | Calidris pusilla |Common Breeder SAMA, TFB, DPC, YBWC, OBWC, | Andres 1989; LGL Alaska Research Associates Inc. 1988; Rothe, 
sandpiper NPWM, PWM, MSSM Markon et al. 1983; Taylor, Lanctot et al. 2010 


Shorebirds | Western Calidris mauri | Casual/ 


sandpiper Accidental 
Long-billed Limnodromus |Common SAMA, SEMA, YBWC, OBWC, Andres 1989; Takekawa and Warnock 2000; Taylor, Lanctot et al. 2010 
dowitcher scolopaceus NPWM, PWM 


delicata MSSM 
Shorebirds f Tringa flavipes |Rare Johnson and Herter 1989 
Red-necked Phalaropus Common Breeder ONW, SAMA, SEMA, DPC, GRMA, | Andres 1989; Brown, Bart et al. 2007; LGL Alaska Research Associates | 
phalarope lobatus YBWC, OBWC, NPWM, PWM, Inc. 1988; Rothe, Markon et al. 1983; Rubega, Schamel et al. 2000 
MSSM, HUMO 


Shorebirds |Redphalarope | Phalaropus Common Breeder ONW, SAMA, SEMA, DPC, GRMA, | Andres 1989; Brown, Bart et al. 2007; LGL Alaska Research Associates 
ulicarius YBWC, OBWC, NPWM, PWM Inc. 1988; Tracy, Schamel et al. 2002 
Sandhill crane Breeder SEMA, GRMA, NPWM, PWM Gerber, Dwyer et al. 2014; Johnson, Parrett et al. 2014; Johnson, 
americana 


SAMA, PWM Andres 1989; Taylor, Lanctot et al. 2010 


Shorebirds 


Shorebirds 


Lawhead et al. 1998 
Raptors EG Sea ee Visitor NA Johnson and Herter 1989 
leucocephalus 
hudsonius . 
ptors Rough-legged | Buteo lagopus MSSM, MTT, HUMO Johnson and Herter 1989; Ritchie 1991 
hawk 
Raptors Aquila NA‘ Johnson and Herter 1989 
chrysaetos 
scandiacus MTT, TLDS 
Rare breeder Johnson, Burgess et al. 2001; Johnson, Burgess et al. 2002; Johnson, 
Burgess, Lawhead, Parrett et al. 2003 
columbarius 


i Page 4 


e) 
roe) 
i=) 
i?) 
2) 


wn 
> 


Holt, Larson et al. 2015; Burgess, Johnson et al. 2013 


a] ow 
jab} eb) 
lao} S 
o> o 
(s) fo) 
a a 


> 
ns) 
boy 
OQ 
=) 
=e 
* 
e3| 
— 
_ 
ee) 
5 
Q. 
n 


Willow Master Development Plan Final Supplemental Environmental Impact Statement 


Group English Name _ Scientific Relative Status Habitats Used” References 


Name Abundance* , 
Raptors Arctic Falco Uncommon _ =|Rare Breeder | TLDS, HUMO Frost, Ritchie et al. 2007; Ritchie 2014; White, Clum et al. 2002 
peregrine peregrinus 
falcon tundrius 
Ptarmigan | Willow Lagopus Common Breeder DPC, OBWC, NPWM, PWM, Johnson, Burgess, Lawhead, Neville et al. 2003; Johnson, Parrett et al. 
ptarmigan lagopus 
Markon et al. 1983; Johnson, Burgess et al. 2005; Burgess, Johnson et 
al. 2013; Burgess, Johnson et al. 2003 
Passerines |Commonraven | Corvus corax  |Uncommon Breeder TLDS, HUMO Johnson, Lawhead et al. 1998; Powell and Backensto 2009 
(except 
common 
around 
infrastructure | 
Phylloscopus Breeder TLDS Johnson and Herter 1989; Lowther and Sharbaugh 2014 
borealis 


NA‘ Johnson, Parrett et al. 2014 
MSSM, MTT, TLDS 2014; Johnson, Parrett et al. 2015; Johnson, Burgess et al. 2004; Rothe, 
Ptarmigan |Rock ptarmigan |Lagopus muta |Uncommon _ |Breeder PWM, MSSM, MTT, TLDS Johnson, Burgess, Lawhead, Neville et al. 2003; Rothe, Markon et al. 
1983; Burgess, Johnson et al. 2003 
Passerines | Bluethroat Luscinia svecica | Casual/ 


Visitor TDS Guzy and McCaffery 2002; Johnson and Herter 1989 | 


Accidental 
Passerines |Gray-cheeked | Catharus Casual/ Visitor TLDS Johnson and Herter 1989; Lowther, Rimmer et al. 2001 
thrush minimus Accidental 


Passerines |Eastern yellow | Motacilla Uncommon Breeder MSSM, MTT, TLDS ee Kessel et al. 1998; Johnson and Herter 1989 


wagtail tschutschensis 


Redpoll I Uncommon Breeder MSSM, TLDS Johnson and Herter 1989; Knox and Lowther 2000a, 2000b 
hornemanni 
Calcarius Common Breeder NPWM, PWM, MSSM, MTT Hussell and Montgomerie 2002 
longspur lapponicus 
Passerines |Snow bunting | Plectrophenax |Uncommon Breeder BAR, HUMO Montgomerie and Lyon 2011 
nivalis (except 
common 
around 
infrastructure 
Passerines |Americantree | Spizelloides Breeder TLDS Johnson and Herter 1989; Naugler, Pyle et al. 2017 
sparrow arborea 
Passerines |Savannah Passerculus Common Breeder DPC, NPWM, PWM, MSSM, MTT |Johnson and Herter 1989; Wheelwright and Rising 2008 
sparrow sandwichensis 
Passerines | Fox sparrow Passerella Casual/ Visitor TEDS Weckstein, Kroodsma, and Faucett 2002 
iliaca Accidental 
Passerines | Lincoln’s Melospiza Casual/ TLDS Ammon 1995 
sparrow lincolnii Accidental 
Passerines | White-crowned | Zonotrichia Rare Breeder TLDS Chilton, Baker et al. 1995; Johnson and Herter 1989 
Le sparrow leucophrys 
Note: Shading denotes species that may use the analysis area year-round. Bolding denotes Special Status Species. 


BAR (Barren); BRWA (Brackish Water); DOW (Deep Open Water without Islands); DOWIP (Deep Open Water with Islands or Polygonized Margins); DPC (Deep Polygon Complex); DUCO (Dune Complex); 
GRMA (Grass Marsh); HUMO (Human Modified); MSSM (Moist Sedge-Shrub Meadow); MTT (Moist Tussock Tundra); NPWM (Nonpatterned Wet Meadow); NA (not applicable); OB WC (Old Basin Wetland 
Complex); ONW (Open Nearshore Water); PWM (Patterned Wet Meadow); RICO (Riverine Complex); RS (River or Stream); SAMA (Salt Marsh); SEMA (Sedge Marsh); SKT (Salt-Killed Tundra); SOW (Shallow 
Open Water without Islands); SOWIP (Shallow Open Water with Islands or Polygonized Margins); TFB (Tidal Flat Barrens); TLDS (Tall, Low, or Dwarf Shrub); TLHC (Tapped Lake with High-Water Connection); 
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TLLC (Tapped Lake with Low-water Connection); YBWC (Young Basin Wetland Complex). Habitats are defined in Willow Master Development Plan Environmental Impact Statement, Section 3.9, Wetlands and 
Vegetation, and Table E.11.2. 

*Common—occurs in all or nearly all proper habitats, but some areas are occupied sparsely or not at all; uncommon—occurs regularly but uses little of the suitable habitat or occurs regularly in relatively small 
numbers; rare—occurs within normal range, regularly, in very small numbers; casual—beyond its normal range, but irregular observations are likely over years; accidental—so far beyond its normal range that future 
observations are unlikely (Johnson and Herter 1989). 

> Primarily nesting habitats but includes pre-breeding, brood-rearing, and post-breeding habitats for species whose preference or use varies markedly between these periods (e.g., brant, snow goose, and shorebirds). 
Preference based on selection analyses, where available; in absence of selection analyses, based on use of nesting, brood-rearing, and post-breeding habitat from literature. Habitats that occur in the Project vicinity are 
listed in the table. 

© Snow goose colonies tend to be on the coast; they initially colonized river deltas on the Arctic Coastal Plain. They have been expanding inland across a variety of habitats. Initially found on raised areas, where snow 
melts early but is not subject to flooding; thus, unvegetated and partially vegetated BAR, TLDS, NPWM, PWM, and DPC. 

4 No records of nesting or no nesting habitat are described for the central Beaufort Sea coast. 

*“Common eiders nest on coastal barrier islands, sandspits, and partially vegetated beaches along the Beaufort Sea coast. 

' Pacific, red-throated, and yellow-billed loons and red-necked grebes nest on the shorelines of waterbodies; terrestrial habitats in the table refer to the shoreline habitat bordering a waterbody. 
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1.1.1 Special Status Species 


Nine bird species listed as sensitive species by the Bureau of Land Management (BLM) may occur in the analysis 
area: spectacled eider, Steller’s eider, yellow-billed loon, red-throated loon, dunlin (arcticola subspecies), bar- 
tailed godwit, whimbrel, buff-breasted sandpiper, and red knot (BLM 2019). The U.S. Fish and Wildlife Service 
(USFWS) list of species of conservation concern includes seven species on the BLM list above (spectacled and 
Steller’s eiders are not included as they are listed as threatened under the Endangered Species Act), plus Arctic 
peregrine falcon and Arctic tern. Of the Special Status Species, Steller’s eider is a casual visitor whose former 
breeding range extended across the Artic Coastal Plain (ACP), until its range contracted with a population-wide 
decline (Quakenbush, Day et al. 2002). Red knot is a rare to casual visitor. Buff-breasted sandpiper, whimbrel, 
and peregrine falcon are rare breeders. The remaining species are common to uncommon breeders in the analysis 
area. Red-throated loons are common breeders in some areas that use polygonal ponds, shallow lakes, brackish 
water, and wetland complexes for nesting and raising broods (Johnson, Burgess et al. 2004, 2005) and marine 
waters for feeding (Barr, Eber! et al. 2000). Dunlin is among the top six most common nesting shorebirds in the 
National Petroleum Reserve in Alaska (NPR-A) (Bart, Brown et al. 2012), and one of the top three migrating 
along the coast (Taylor, Lanctot et al. 2010). It nests primarily in wet and moist sites in wetlands with ponds and 
drained lake basins (Bart, Brown et al. 2012; Warnock and Gill 1996) and uses silt barrens during post-breeding 
(Andres 1994). Bar-tailed godwits are widely distributed but uncommon breeders that nest in lowlands and 
uplands, in wet to moist sedge or tussock meadows, often in association with dwarf or low shrubs; they use a wide 
range of habitats (Bart, Brown et al. 2012; McCaffery and Gill 2001). Whimbrels nest in low wetlands and dwarf 
shrubs from flat to low center or high center polygons (Skeel and Mallory 1996). Whimbrel is a rare breeder, 
found in low numbers (on 21 of 637 plots) in moist and wet habitats on the ACP (Bart, Brown et al. 2012), and 
only one was recorded during post-breeding on the Colville River Delta (Andres 1994). Another rare breeder in 
NPR-A, buff-breasted sandpiper (21 birds recorded on 357 plots; Bart, Brown et al. 2012) is considered an 
“upland” shorebird and is unique among the shorebirds in this area for its use of dry ridges, stream banks, and 
dwarf shrub and partially vegetated areas for breeding displays; it nests in drier sloping tundra with tussocks and 
in moist and wet sedge meadows with nonpatterned or polygonal surface forms (McCarty, Wolfenbarger et al. 
2017). Red knots are not known to breed east of Point Barrow on the ACP but can occur along the Beaufort Sea 
coast during migration (Baker, Gonzalez et al. 2013). Peregrine falcon is a rare breeder on the ACP but will nest 
on bluffs along streams and lakes in the NPR-A (Ritchie 2014) and uses bridges (J. Parrett, Research Biologist, 
ABR, to C. Johnson. 2018) and elevated structures (White, Clum et al. 2002), such as the Distant Early Warning 
(DEW) Line site at Oliktok Point (Frost, Ritchie et al. 2007), for nest sites. Arctic terns are common nesters, are 
not evenly distributed, and are often found in complex fresh and salt marshes and wetlands or emergent 
vegetation and islands in deep and shallow lakes (Johnson, Burgess, Lawhead, Neville et al. 2003; Johnson, 
Burgess et al. 2004, 2005); they use marine waters for feeding and migration (Fischer and Larned 2004). Table 
E.11.2 shows habitat types used by Special Status Species on the ACP from spring arrival to fall staging. All but 
three habitat types in the analysis area are used by one or more Special Status Species. 


Spectacled eiders occur in the analysis area during pre-breeding in a non-uniform distribution (Figure 3.11.2) and 
nest in some parts of the analysis area in low densities (Johnson, Shook et al. 2019; Morgan and Attanas 2018). 
Spectacled eiders are more abundant in coastal areas, where the module delivery facilities are located, than they 
are in the Willow area. Surveys conducted at 50% coverage for the Willow Master Development Plan Project 
(Project) detected two groups of spectacled eiders in 2017, five groups in 2018, and five groups in 2019 (Figure 
3.11.2), resulting in indicated total densities of 0.015, 0.035, and 0.035 birds per square mile, respectively (0.006, 
0.014, and 0.014 birds per square kilometer) (Shook, Parrett et al. 2020), which are within the range of densities 
recorded on USFWS aerial surveys (Figure 3.11.2). The density of spectacled eiders from those Project surveys is 
approximately 10% to 30% of densities found on the Colville River Delta and the entire ACP (Figure 4 in 
Johnson, Parrett et al. 2018a). Densities of pre-breeding spectacled eiders from USFWS surveys of the ACP 
(USFWS unpublished data) vary from 0 to 0.26 birds per square mile in the area of permanent roads and pads, 
whereas the module delivery options contain higher densities, ranging from 0 to 0.87 birds per square mile 
(Figure 3.11.2). Spectacled eiders nest in the Kuparuk Oilfield along the Oliktok Road, near Option 3 (Morgan 
and Attanas 2018), near Point Lonely (Frost, Ritchie et al. 2007), and probably nest in appropriate habitat at 
Atigaru Point. Three spectacled eider nests were found in a wetland about 7 miles east of the Bear Tooth drill site 
4 (BT4) in 2001 and no spectacled eider nests have been found in the Willow area over the past two years of nest 
searches focused on king eiders and shorebirds (Rozell, Shook et al. 2021). Whereas the 656-foot (200 meters 
[m]) disturbance zone is intended to protect spectacled eiders from various types of human disturbance, there is 
some research that suggests this zone may be larger than necessary to protect nesting eiders. Data collected on 
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spectacled eiders on the Colville River during nesting found that nesting spectacled eiders rarely (7% or 6 of 84 
hens on nests) flush at distances greater than 82 feet (> 25 m) from people on foot; the greatest distance at which 
flushing occurred was 131 feet (40 m) (ABR unpublished data). There are several examples of spectacled eider 
nests that have hatched and some that have failed < 656 feet (200 m) from active roads and airstrips (Attanas and 
Shook 2020; Johnson, Parrett et al. 2008; Morgan and Attanas 2018; Seiser and Johnson 2018). An analysis of 
variance of distance to active infrastructure at Alpine CD3 on the Colville Delta found no significant effects of 
year, construction phase, or nest fate (P > 0.36), even though on average, successful nests were closer than failed 
nests to a road, drill pad, or airstrip (Johnson, Parrett et al. 2008). There was no evidence of displacement or 
decreased nesting success from before construction to the operation phase of the development. 


In addition to being a Bird of Conservation Concern, the yellow-billed loon was a candidate for listing under the 
Endangered Species Act because of its small population size, patchy breeding distribution, and possible threats to 
its population viability in Alaska (USFWS 2014b) until listing of the species was ruled unwarranted in 2014 
(USFWS 2014a). A conservation plan for yellow-billed loons was adopted by federal, state, and local 
governments (USFWS 2006), but it lapsed 10 years after adoption. The yellow-billed loon is distributed unevenly 
on the ACP, occurring in the NPR-A east to approximately the Colville River Delta (Earnst 2004; Earnst, Stehn et 
al. 2005). The NPR-A supports > 75% of the U.S. breeding population (Schmutz, Wright et al. 2014). Yellow- 
billed loons are territorial breeders, excluding conspecifics from nesting lakes or portions of very large lakes that 
are shared by two to four pairs (Johnson, Wildman et al. 2019). They are common breeders in the analysis area; 
surveys conducted since 2001 have detected 67 breeding territories encompassing 71 lakes in the portion of the 
analysis area within the NPR-A (Johnson, Parrett et al. 2018b, 2019; Parrett and Shook 2021). Yellow-billed 
loons maintain territories on the same lakes for several decades (Johnson, Parrett et al. 2019) and are habitat 
specialists, preferring deep, clear, open lakes and deep lakes with emergent vegetation containing fish (Earnst, 
Platte et al. 2006; Haynes, Schmutz et al. 2014); they nest most often on islands, peninsulas, and shorelines 
protected from wave action (Haynes, Schmutz et al. 2014; North and Ryan 1989). Citing a lack of population 
growth, a patchy breeding distribution, specific habitat requirements for breeding lakes, high fidelity to and 
retention rates of breeding territories, and low rates of colonization of unoccupied lakes in their range, several 
studies have suggested that yellow-billed loons are habitat limited (Haynes, Schmutz et al. 2014; Johnson, 
Wildman et al. 2019; Schmutz, Wright et al. 2014). 


1.1.2 Bird Habitats 

Bird habitat types and use in the analysis area is detailed in Table E.11.1. Table E.11.2 ranks habitat types in order 
of number of species reported to use them (i.e., species richness) from literature and reports. Table E.11.3 
summarizes preferred pre-breeding and all nesting habitat types documented for spectacled eiders in the NPR-A 
and the adjacent Colville River Delta. The ranking is an index of the importance of the various habitat types to the 
avian community as a whole, although not all the species on the list may occur in the analysis area, or some may 
occur sporadically. While species richness can be related to abundance (i.e., the habitat types with more species 
also tend to support higher numbers, particularly for nesting), species richness is not equivalent to abundance or 
density. Some habitat types with low species richness may be crucial to some species for important facets of life 
history. For example, tidal flat barrens on the ACP are important feeding areas for post-breeding and pre- 
migratory shorebirds that support thousands to tens of thousands of shorebirds during late summer (Andres 1994; 
Taylor, Lanctot et al. 2010). Another habitat type used by two species, Dune Complex, is one of several habitat 
types that can include stream banks, barren or partially vegetated ridges and dunes, and uplands, which are used 
by male buff-breasted sandpipers for leks (i.e., breeding display areas). All but two habitat types in the analysis 
area are used by one or more Special Status Species. 
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Table E.11.2. Descriptions and Use of Bird Habitats in the Analysis Area 
Habitat* Description Special Status _ No. of Acres in 


Species Use Species Analysis 
Dune Complex 


Using Area 
Riverine Complex 


Mosaic of swale and ridge features on inactive sand dunes, supporting wet to flooded sedge and moist shrub types in Yes 2) 1,838.8 
swales and moist to dry dwarf and low shrub types on ridges 


Mosaic of moist to wet sedge and shrub types, water, and barrens along 


flooded streams and associated floodplains 


< 
B 


1,702.5 


Pa Ps 5 
River or Stream Permanently flooded channels large enough to be mapped as separate units No 
Salt-Killed Tundra Coastal low-lying areas where salt water from storm surges has killed the original vegetation and is being colonized by Yes 3 434.4 
salt-tolerant vegetation a 
Tapped Lake with Low- Same as Tapped Lake with High-Water Connection except connected to adjoining surface waters even at low water No 5 2,234.2 
Water Connection 
Human Modified? Area with vegetation, soil, or water significantly disturbed by human activi 
mud or sand 
Baia 


205.8 


Brackish Water Coastal ponds and lakes that are flooded periodically by salt water during storm surges 


Tapped Lake with High- Lakes that were breached and drained by a migrating river channel and permafrost thaw; tapped lakes are subject to 10 
Water Connection river stages and discharge and are connected only during flood or high-water events 
Shallow Open Water without | Waterbody lacking emergent vegetation with depths less than 6.6 feet (2 m) 11 
Islands 


Area without vegetation and not normally inundated Yes 12 10,254.9 
Deep Open Water without Waterbody lacking emergent vegetation with a depth of at least 6.6 feet (2 m) and lacking islands or polygonized Yes 12 34,743.9 
Islands margins 
Deep Open Water with Waterbody with depths of at least 6.6 feet (2 m) with islands or with polygonized wetlands forming a complex Yes 14 25,366.2 
Islands or Polygonized shoreline 
Margins 
Shallow Open Water with Waterbody lacking emergent vegetation with depths less than 6.6 feet (2 m) with islands or polygonized wetlands 
Islands or Polygonized forming a complex shoreline (Willow Master Development Plan Environmental Impact Statement, Section 3.9, 
Margins Wetlands and Vegetation 


Grass Marsh 


ae 


Moist Tussock Tundra 


Ponds and lake margins with the emergent grass Arctophila fulva (pendant grass); shallow water depths (less than 3.3 
feet [1 m]); tends to have abundant invertebrates, good escape cover for birds, and is of high importance to many 
waterbirds 

Gentle slopes and ridges of coastal deposits and terraces, pingos, and the uplifted centers of older drained lake basins; 
vegetation is dominated by tussock-forming plants, most commonly Eriophorum vaginatum; associated with high- 
centered polygons of low or high relief 


Salt Marsh Complex assemblage of small brackish ponds, halophytic sedges and willows, and barren patches on stable mudflats 
usually associated with river deltas 


Young Basin Wetland Complex ice-poor, drained lake thaw basins characterized by a complex mosaic of vegetation classes that, in general, 
Complex have surface water with a high percentage of Sedge Marsh and Grass Marsh 


Open Nearshore Waters Shallow estuaries, lagoons, and embayments along the Beaufort Sea coast 


Deep Polygon Complex Area permanently flooded with water more than 1.6 feet (0.5 m) deep, frequently with emergent sedge in margins, 
deep polygon centers, and well-developed polygon rims 


Sedge Marsh Permanently flooded waterbodies dominated by the emergent sedge Carex aquatilis; typically, emergent sedges occur Yes 25 9,174.6 
in water < 1.6 feet (0.5 m) deep 
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Old Basin Wetland Complex | Complex ice-rich habitat in older drained lake basins with well-developed low- and high-centered polygons resulting 


Tall, Low, or Dwarf Shrub _| Both open and closed stands of low (<4.9 feet [1.5 m] high) and tall (+4.9 feet [1.5 m] high) willows along riverbanks Yes 27 
and Dryas tundra on upland ridges and stabilized sand dunes 
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Habitat* Description Special Status —_ No. of Acres in 
Species Use Species Analysis 
ae Area 


Moist Sedge-Shrub Meadow | High-centered, low-relief polygons and mixed high- and low-centered polygons on gentle slopes of lowland, riverine, 104,580.4 
drained basin, and deposits formed by the movement of soil and other material; soils saturated at intermediate depths 


>0.5 feet [> 0.15 m]) but generally free of surface water during summer 


Analogous to Sedge Meadow or Shrub Meadow; lowland areas, typically flooded in spring but lacking polygons or 30,086.3 
other terrain relief features 

Patterned Wet Meadow Lowland areas with low-centered polygons that are flooded in spring and centers flooded or with water remaining 68,913.7 
close to the surface throughout the growing season; vegetation growth typically is more robust in polygon troughs than 
in centers 


[Unmapped | Unknown CT 566,836.3 
iota Se oe eee. NA | NA | 1,189,875.3 


Source: See sources for Table E.11.1. 

Note: As described in Section 3.11.1.2, Bird Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for avian occurrence. Actual scores ranged from | (one 
species used the habitat) to 44 (44 species used the habitat). Shading denotes high-use habitats (at least 20 species use the habitat). See Table E.11.1 for more details on habitat values. 

m (meters); NA (not applicable). 

“More information on these habitat types is provided in Willow Master Development Plan Environmental Impact Statement, Section 3.9. 

> Used by one Special Status Species, peregrine falcon, and several species of passerines, raptors, and shorebirds that nest on structures or gravel. 
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Table E.11.3. Spectacled Eider Habitat Preference and Use 
Habitat NE NPR-A Pre- NE NPR-A Pre- NE NPR-A Pre- Colville Pre- Colville Colville 


NENPR-A Colville 


breeding Use breeding breeding breeding Use Pre-breeding  Pre-breeding Nesting® Nesting* 
Availability (%) Preference” Availability (%) Preference” Use (%) Use (%) 
Open Nearshore Water } : avoid 


a 


prefer 
avoid 


Brackish Water 
Tapped Lake with Low-Water Connection 
Tapped Lake with High-Water Connection 
Salt Marsh 

Tidal Flat Barrens 

Salt-Killed Tundra 

Deep Open Water without Islands 

Deep Open Water with Islands or Polygonized 
Margins 


5S 


prefer 
avoid 
prefer 


1 


nN 


4.9 prefer prefer 


Shallow Open Water without Islands 1.2 prefer 

Shallow Open Water with Islands or 1.4 prefer prefer 1 
Polygonized Margins 

River or Stream 0.9 ns avoid 


S 
N 
=) 
n 


Sedge Marsh 
Deep Polygon Complex a 
Grass Marsh k prefer 
Young Basin Wetland Complex toe 0 toa 
Old Basin Wetland Complex Lee een eee Tee 4 prefer 


0.2 
2.7 
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<0.1 
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Patterned Wet Meadow 11.7 12.2 


Moist Sedge-Shrub Meadow (lez! 12) avoid on i ae ee avoid 


Moist Tussock Tundra 


0 : : 
Tall, Low, or Dwarf Shrub 0 4.7 ns Boe ee ee avoid 
Barrens 0 S 0.3 14.8 avoid 


Human Modified 0 0 ns 0 0.1 ns 


Total 100 100 NA SS ira 100 NA 
Number of groups/nests Ss 60 NA NA NA NA 173 


Note: Bolding denotes preference during pre-breeding or use during nesting. “—* (no data); NA (not applicable); NE NPR-A (northeast National Petroleum Reserve in Alaska); ns (not significant). Totals may be up to 
(0.2 due greater or less due to rounding. 

*“ Use = (groups / total groups) x 100. 

” Significance calculated from 1,000 simulations at « = 0.05; avoid = significantly less use than availability, ns = not significant (use proportional to availability), prefer = significantly greater use than availability for 
pre-breeding eider groups recorded on aerial surveys (Johnson, Parrett et al. 2018a, 2019). 

“Not all habitats were available in nest search areas; different areas were searched in different years; therefore, total availability of habitat is not presented. Habitats used by nesting spectacled eiders (n = 173 nests) on 
the Colville River Delta and in the NE NPR-A (= 11 nests) were collected across multiple study sites (Johnson, Burgess et al. 2014). 

“Post-breeding habitat is included because it is essential during post-fledging, pre-molting, and migration. 
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1.2 Comparison of Alternatives: Birds* 
Effects to birds are detailed by habitat type and action alternative in Tables E.11.4 through E.11.11. 


Table E.11.4. Acres of Bird Habitats Permanently Lost by Action Alternative* 


Habitat Habitat Use Alternative B:  AlternativeC: Alternative D: Alternative E: 
(1 to 44 species)* Proponent's Disconnected Disconnected Three-Pad > 

Project Infield Road Access Alternative 

(Fourth Pad 


Unmapped Area 
Dune Complex 
Riverine Complex 
River or Stream 
Salt-Killed Tundra 

Tapped Lake with Low-Water Connection 
Human Modified 

Tidal Flat Barrens 

Brackish Water 

Tapped Lake with High-Water Connection 
Shallow Open Water without Islands 
Barren 

Deep Open Water without Islands 

Deep Open Water with Islands or 
Polygonized Margins 
Shallow Open Water with Islands or 
Polygonized Margins 
Grass Marsh 

Moist Tussock Tundra 

Salt Marsh 

Young Basin Wetland Complex 


Open Nearshore Waters 
Deep Polygon Complex 


Tall, Low, or Dwarf Shrub 


Nonpatterned Wet Meadow 

Total acres 

Note: NA (not applicable). Numbers may differ slightly with other reported values in the Willow Master Development Plan Environmental Impact Statement 
due to rounding. Acres of habitat lost is presented for bird habitats only; thus, the total gravel footprint may differ from the total direct habitat loss, as some 
areas in the gravel footprint may not be bird habitat. 

“As described in Section 3.11.1.2, Bird Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for avian 
occurrence. Actual scores ranged from | (one species used the habitat) to 44 (44 species used the habitat). Shading denotes high-use habitats (at least 20 species 
use the habitat). See Table E.11.1 for more details on habitat values. 

° Impoundments caused (in part) by dust shadows and early thaw on roadsides provide the earliest water available and attract considerable bird use (by 
spectacled eiders) before other areas are snow free (possible positive effect). Attraction to roadsides may also increase the risk of collisions with vehicles 
(possible negative effect). 
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Table E.11.5. Acres of Bird Habitats Permanently Altered by Excavation* 


Habitat Habitat Use Constructed Tinmiaqsiugvik Tinmiagqsiugvik Tinmiaqsiugvik 
(1 to 44 species)* Freshwater i Mine (Alternatives i 
Reservoir? 


Deep Open Water without Islands 


Moist Tussock Tundra 


igh-use acres (> 20 species) 
Total acres 
Note: NA (not applicable). Acres apply to all action alternatives; habitat would be altered to HecoHeTr water habitat. Acres of habitat altered is BresaHied for bird 
habitats only; thus, the total excavation footprint may differ from the total direct habitat alteration, as some areas may not be bird habitat. Numbers may differ 
slightly with other reported values in the Willow Master Development Plan Environmental Impact Statement due to rounding. 
* As described in Section 3.11.1.2, Bird Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for avian 
occurrence. Actual scores ranged from | (one species used the habitat) to 44 (44 species used the habitat). Shading denotes high-use habitats (at least 20 species 
use the habitat). See Table E.11.1 for more details on habitat values. 
Alternatives B, C, and D only; there would be no constructed freshwater reservoir under Alternative E. 


Table E.11.6. Acres of Bird Habitats Altered by Dust, Gravel Spray, Thermokarsting, or Impoundments by 
Alternative* 


Habitat Habitat Use Alternative B: Alternative C: Alternative D: PRUoae tie oe 
(1 to 44 species)? Proponent’s Disconnected Disconnected Three-Pad 
Project Infield Road Access Alternative 


(Fourth Pad 
—_S=sSsSs= 
Dune Complex 1 1 4 8 3 
Riverine Complex 
River or Stream ae 
Salt-Killed Tundra : 
Tapped Lake with Low-Water Connection > 0.0 0.0 0.0 
Human Modified ; : 
Tidal Flat Barrens 0.0 0.0 enr 00 
Brackish Water 10 0.0 0.0 0.0 
Tapped Lake with High-Water Connection 10 0.0 0.0 0.0 
Shallow Open Water without Islands 
Barren 
Deep Open Water without Islands 
Deep Open Water with Islands or 
Polygonized Margins 
Shallow Open Water with Islands or 
Polygonized Margins 
Grass Marsh 
Moist Tussock Tundra 


EEOC 0.0 
1.0 
eget eT eR 7 0.0 
Deep Rotyeon Complex h Naas Sey a 25 | OOS» | 0.0 
60.2 


Old Basin Wetland Complex 262.8 293.3 115.7 174.1 
Tall, Low, or Dwarf Shrub 277.4 2352 277.4 


Nonpattemed Wet Meadow 165.1 168.7 154.5 Tse | 
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Habitat Use Alternative B: Alternative C: Alternative D: (#MGariai op 
(1 to 44 species)* Proponent’s Disconnected Disconnected Three-Pad 
Project Infield Road Access Alternative 


(Fourth Pad 


Patterned Wet Meadow 567.0 505.9 469.2 
Total high-use acres (> 20 species 1,741.1 1,638.0 1,315.9 1,338.8 _ 
Total acres NA 3,448.4 3,466.8 2,690.8 2,853.8 


Note: NA (not applicable). Acres of habitat altered is presented for bird habitats only; thus, the total dust shadow may differ from the total indirect habitat 
alteration, as some areas may not be bird habitat. Acreage is located within 100 meters of gravel infrastructure. 

“As described in Section 3.11.1.2, Bird Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for avian 
occurrence. Actual scores ranged from 1 (one species used the habitat) to 44 (44 species used the habitat). Shading denotes high-use habitats (at least 20 species 
use the habitat). See Table E.11.1 for more details on habitat values. 

»Impoundments caused (in part) by dust shadows and early thaw on roadsides provide the earliest water available and attract considerable bird use (by 
spectacled eiders) before other areas are snow free (possible positive effect). Attraction to roadsides may also increase risk of collisions with vehicles (possible 
negative effect). 


Table E.11.7. Acres of Bird Disturbance and Displacement by Habitat Type within 656 feet (200 meters) of 
Gravel Infrastructure and Pipelines by Alternative* 
Habitat Habitat Use Alternative B: Alternative C: Alternative D: 


(1 to 44 species)* Proponent's Disconnected Disconnected 
Infield Road Access 


Alternative E: 
Four-Pad 
Alternative 


Unmapped Area NA 0.0 0.0 
Dune Complex 2 15.8 11.8 


Riverine Complex 3 


River or Stream 4 


Salt-Killed Tundra 4 


a 
Tapped Lake with Low-Water 10 ‘ 
Connection 
Tae Modified mie 171.6 171.6 
Tidal Flat Barrens 7 0.0 0.0 
Taiar : 


| Brackish Water 10 0.0 0.0 
Tapped Lake with High-Water aa 10 32.6 (oor 
| Connection 

Shallow Open Water without Islands 1] 325.8 330.7 
Barren 12 180.8 Pa! 
[Deep Open Water without Islands 12 S52 376.3 
Deep Open Water with Islands or 14 167.3 160.2 


Polygonized Margins 
{Shallow Open Water with Islands or 14 


Polygonized Margins 
Grass Marsh 10S) 
Moist Tussock Tundra 18 


Salt Marsh 
Young Basin Wetland Complex 


22 
Deep Polygon Complex 


Sedge Marsh 
Old Basin Wetland Complex 
Tall, Low, or Dwarf Shrub 


Moist Sedge-Shrub Meadow 3,498.9 3,463.9 3,114.0 B,1202 


Nonpatterned Wet Meadow 1,188.9 1,207.9 1,201.3 1,120.5 
Patterned Wet Meadow DOR Fa2 2,965.5 2,803.1 2,561.4 


Total high-use acres (by >20 species NA 10,810.7 10,856.8 10,132.8 
| Total acres NA 18,942.5 19,474.2 18,164.7 
Note: NA (not applicable). Disturbance zone estimated as 656 feet (200 meters) beyond the perimeter of gravel infrastructure, pipelines, Oliktok Dock 
improvements, and screeding (summer disturbance), where disturbance would alter behavior or displace birds, as indicated by the U.S. Fish and Wildlife Service 
disturbance and displacement buffer for spectacled eiders (USFWS 2015). Table does not include the gravel mine site since activity there would occur only in 
winter. 

“As described in Section 3.11.1.2, Bird Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for avian 
occurrence. Actual scores ranged from | (one species used the habitat) to 44 (44 species used the habitat). Shading denotes high-use habitats (at least 20 species 
use the habitat). See Table E.11.1 for more details on habitat values. 

» Impoundments caused (in part) by dust shadows and early thaw on roadsides provide the earliest water available and attract considerable bird use (by 
spectacled eiders) before other areas are snow free (possible positive effect). Attraction to roadsides may also increase the risk of collisions with vehicles 
(possible negative effect). 


a 


WiWwihy 
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Table E.11.8. Comparison of Acres of Vegetation Damage from Ice Infrastructure and Volume of Water 
Withdrawn from Lakes by Alternative* 


Ice Infrastructure Alternative B: Alternative C: Alternative D: BiiGuringom Option 1: Option 2: Option 3: 
Proponent’s Disconnected Disconnected MUits-3 Zit Atigaru Point’ Point Lonely Colville River 


Project Infield Road Access Alternative Module Module Crossing 
(Fourth Pad Transfer Transfer 
Deferred Island Island 


Freshwater ice 
infrastructure 

(vegetation damage and 
soil compaction) (acres) 


4,557.3 5,608.0 7,164.8 4,026.8 859.6 1,756.1 666.6 
acres)* 


Freshwater use (millions 1,662.4 1,914.3 2,286.3 1,478.7 307.9 572.0 ESE 
of gallons 


* Acres of multi-season ice pads are also included in the total ice infrastructure in row 1. 


Table E.11.9. Estimated Numbers of Birds of the Focal Species in the 656-Foot (200-meter) Disturbance 


Zone around Project Infrastructure* 
Alternative B: Alternative C: Alternative D: PANGartiyr op Option 1: Option 2: Point Option 3: 
Proponent’s. Disconnected Disconnected Three-Pad Atigaru Point Lonely Module Colville 
Project Infield Road = Access Road PNicsuitiicme Module Transfer Transfer Island River 
(Fourth Pad Island Crossing 


Spectacled eider 


Yellow-billed : : i <0.1 
loon 


Note: NA (not applicable, disturbance zone is in marine waters). Eider calculations in the Willow area are based on average density (0.028 eiders per square 
mile) / detection error (0.75) x total area (square miles) from Table E.11.6. Eider calculations in the Kuparuk area are based on the average density (0.165 
eiders per square mile) with the same detection error (0.75). Average densities in the Willow area are from Shook, Parrett et al. 2020 and in Kuparuk from 
Attanas and Shook 2020; detection error is from Wilson, Stehn et al. 2017. Yellow-billed loon calculations are based on average density (0.21 loons per square 
mile) x total area (square miles) from Table E.11.6. Detection error is unavailable for yellow-billed loons. The average density in the analysis area is from 
Shook, Parrett et al. 2020. 


Table E.11.10. Estimated Numbers of Yellow-Billed Loon Breeding Sites near Project Facilities* 
Alternative B: Alternative C: | Alternative D: BViGeieii eon Option 1: Option 2: Option 3: 
Proponent’s Disconnected Disconnected Three-Pad Atigaru Point | Point Lonely Colville 
Project Infield Road Access Alternative Module Module River 
CXniaiwei transfer Island Transfer Crossing 
Deferred Island 


Nests (unique sites) 
within | mile of 
infrastructure 
Number of lakes with 
nests within 1 mile of 
infrastructure 


Number of breeding 
lakes (with nests or 
broods) within 1,625 
feet (495 m) of 
infrastructure 


Number of additional 
lakes with adults (not 
associated with nests 
or broods) within 
1,625 ft of 
infrastructure 
Sources: Johnson, Parrett et al. (2019), Shook, Parrett et al. (2020); additional data on nests from Bureau of Land Management and U.S. Fish and Wildlife 
Service registry. 
Note: m (meters); ND (no data). Distances of 1 mile from a nest and 1,625 feet from an occupied lake are stipulated as no development areas in required 
operating procedure E-11. Multiple unique nest sites may occur, usually in different years, on any one lake within | mile of proposed infrastructure. 
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Table E.11.11. Acres of Spectacled Eider Preferred Habitat Affected by Action Alternative and Module 


Delivery Option* 
Alternative Alternative C: Alternative D: (Rica tac oe Option 1: Option 2: Option 3: 
B: Disconnected Disconnected Three-Pad Atigaru Point Point Lonely Colville River 
Proponent’s Infield Road Access Alternative Module Module Crossing 
Project (Fourth Pad Transfer Transfer 


Island Island 
150.6 
(dust shadow) 


| Disturbance zone? 6,940.8 


Note: Preferred habitats are described in Table E.11.3. 

®For areas where existing roads would be widened, calculations did not include the existing road’s dust shadow. 

> Disturbance zone estimated as 656 feet (200 meters) beyond the perimeter of gravel, where disturbance would alter behavior or displace birds, as indicated by 
the U.S. Fish and Wildlife Service disturbance and displacement buffer for spectacled eiders (USFWS 2015). Acres of disturbance is presented for bird habitats 
only; thus, the total disturbance may not be proportional to the total direct habitat loss, as some areas in the behavioral disturbance footprint may not be bird 
habitat. 


Direct habitat loss 
Direct habitat alteration 
(excavation) 

Indirect habitat alteration 


1,068.7 
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1.0 TERRESTRIAL MAMMALS 
1.1 Species 


At least 20 species of terrestrial mammals use the analysis area, and most remain in the analysis area year-round. 
Relative abundance and habitat use for mammals likely to be affected by the Willow Master Development Plan 
Project (Project) are summarized in Table E.12.1. Habitat use is depicted in Figure E.12.1. Habitat types and 
habitat use are described in more detail below in Section 1.2, Habitats. 


1.1.1 Foxes 

Arctic foxes and red foxes occur in the analysis area year-round, although arctic foxes are more abundant 
(Johnson, Burgess et al. 2003). Both species use similar denning habitats, which include well-drained soils such 
as riverbanks, lake basins, and pingos. Red foxes are aggressive toward arctic foxes and will displace them from 
feeding areas and den sites (Johnson, Burgess et al. 2005; Stickney, Obritschkewitsch et al. 2014). In the Prudhoe 
Bay oil fields, red foxes have increased in abundance at a faster pace than arctic foxes, possibly due to warmer 
winters or the availability of anthropogenic food (Stickney, Obritschkewitsch et al. 2014). Foxes in the oilfields 
are highly tolerant of humans and are often attracted to areas of human activities (Burgess 2000). 


Arctic foxes range from the Brooks Range to the Beaufort Sea coast, but the highest abundance is on the ACP. 
Red foxes range throughout most of Alaska (MacDonald and Cook 2009). Arctic and red foxes prey on small 
mammals, such as lemmings, ground squirrels, and voles. Fluctuations in lemming abundance are often followed 
by fluctuations in the arctic fox population (Angerbjorn, Arvidson et al. 1991). Red foxes are omnivorous and 
opportunistic, eating a variety of items, including insects, small mammals, berries, and carrion. Both species will 
also scavenge eggs from ground-nesting birds (Hull 1994). 


1.1.2 Grizzly Bears 
Grizzly bears occur throughout the ACP in low densities (0.5—2.0 bears per 1,000 square kilometers [km*]) 


compared to the mountains and foothills of the Brooks Range (10—30 bears per 1,000 km?) (Carroll 1998). 

The lower density on the ACP is likely due to marginal habitat because of severe climate, a short growing season, 
and limited food resources. Grizzly bears of all ages and both sexes den during winter in pingos, river and lake 
banks, sand dunes, and steep gullies in uplands (Shideler and Hechtel 2000) that accumulate large snowdrifts for 
insulation. The Willow area contains some of these features and generally has more topography than areas further 
east on the central ACP. As a result, the area likely has suitable denning habitat for grizzly bears. Grizzly bears 
are opportunistic omnivores that rely on food sources that vary with the season. Small mammals, such as ground 
squirrels, are a common prey source in the National Petroleum Reserve in Alaska (NPR-A) as are eggs of ground- 
nesting birds. In June, caribou calves are an important seasonal food source. Since 2001, incidental observations 
of grizzly bears and their dens have been recorded during aerial surveys for caribou and other wildlife throughout 
the analysis area (Johnson, Burgess et al. 2005; Lawhead, Prichard, and Welch 2014; Welch, Prichard et al. 
2021). Moderate numbers of grizzly bears have used the North Slope oilfields in the last few decades (Shideler 
and Hechtel 2000), and can be attracted to areas of human activity, or garbage storage. 


1.1.3 Moose 

Moose occur in low densities on the ACP and their population has fluctuated substantially since 1992. Moose 
occur in a wide variety of habitat types during the summer, but generally prefer areas with tall shrub vegetation. 
In the analysis area, tall shrubs are generally associated with riverine drainages. During fall and winter, moose 
aggregate along riparian corridors of large river systems where they rely on tall willows for browse. The largest 
winter concentrations of moose on the western North Slope occur in the inland portions of the Colville River 
drainage (Carroll 2005) and regularly occur as far downstream as Ocean Point, south of Nuigsut (Zhou, Tape et 
al. 2020). In late spring, parturient cows often disperse into smaller drainages of the Colville, Chandler, Itkillik, 
and Anaktuvuk rivers to calve. A portion of the moose population may disperse short distances away from the 
primary river drainages onto the tundra to utilize the beaded streams and shallow lakes during summer (Klimstra 
and Daggett 2020). Moose have been recorded sporadically near Fish Creek and Judy (Kayyaaq and Iqalliqpik) 
Creek in the Willow area (Lawhead, Prichard et al. 2009; Lawhead, Prichard, Macander et al. 2014; Welch, 
Prichard et al. 2021). 
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Table E.12.1. Terrestrial Mammal Species Likely to Use the Analysis Area* 


Common 
Name 

Arctic fox, red 
fox 


Scientific 
Name 

Vulpes lagopus, 
Vulpes vulpes 


Habitat Use 


Natal dens (summer): pingos, mounds, banks of 


streams and lakes; mainly in TLDS but also 
microsites in MSSM and PWM, SAMA 


Foraging: broad use, depending on prey habitat 


Relative Abundance in Analysis Area 


annually. 
Red fox: Low density; population increasing 
near oil fields 


References 


Arctic fox: Common; moderate density, varying | Arctic fox: Burgess 2000; Chesemore 1968; 
Eberhardt, Hanson et al. 1982; 

Red fox: Eberhardt 1977; Savory, Hunter et al. 2014; 
Stickney, Obritschkewitsch et al. 2014 


use 


Arctic ground 
squirrel 


Urocitellus parryii 


River terraces, banks, pingos, dunes, and mounds; 
mostly in TLDS but occasionally in other habitat 
types, depending on microsite suitability 


Abundant; highest densities along river corridors | Barker and Derocher 2010; Batzli and Sobaski 1980; 
MacDonald and Cook 2009 


Barren ground 
shrew 


Brown lemming | Lemmus 


Sorex ugyunak 


trimucronatus 


OBWC, YBWC, PWM, NPWM, MSSM, MTT, 
RICO, DUCO 


Poorly known; probably low density Bee and Hall 1956; MacDonald and Cook 2009 


Wetter habitats than collared lemming: PWM, 
NPWM, OBWC, YBWC, MTT, RICO, SEMA, 
SAMA 


Less common than collared lemming; population | MacDonald and Cook 2009; Batzli and Lesieutre 
fluctuates cyclically (often 3 to 4 years) 1995; Garrott, Eberhardt et al. 1983 


Tape, Christie et al. 2016; Welch, Prichard et al. 
2022 


Kuropat 1984; Murphy and Lawhead 2000; Parrett 
2007; Parrett 2015; Person, Prichard et al. 2007; 
Prichard, Welch et al. 2018; Wilson, Prichard et al. 
2012 


Very rare, recent sightings near Willow Project, 
increasing abundance along Colville River, 
cyclical population. 

Abundant 


Batzli and Hentonnen 1990; Pitelka and Batzli 1993: 
Bee and Hall 1956; Batzli and Lesieutre 1995; 
MacDonald and Cook 2009 


Common; population fluctuates cyclically (less 
frequently than brown lemming) 


Canada lynx Lynx canadensis TLDS, especially along riverine corridors 

Caribou Rangifer tarandus | Foraging: MSSM, MTT, TLDS, OBWC, YBWC, 
PWM, RICO 
Insect relief: BAR, HUMO, SKT, RICO, DUCO, 
TFB, SAMA 

Collared Dicrostonyx Drier habitats than brown lemming: TLDS, 

lemming groenlandicus MSSM, DUCO 

Ermine Mustela erminea OBWC, YBWC, PWM, NPWM, MSSM, MTT, 
TLDS, RICO, SEMA, SAMA 

Grizzly (brown) | Ursus arctos MSSM, TLDS, MTT, OBWC, YBWC, RICO, 

bear DUCO, SAMA 


Least weasel 


Mustela nivalis 


OBWC, YBWC, PWM, NPWM, MSSM, MTT, 
TLDS, SEMA, SAMA 


and voles but fluctuating in abundance with 
those species 


Uncommon; in habitats supporting lemmings Bee and Hall 1956; MacDonald and Cook 2009 
and voles but fluctuating in abundance with 
those species 

Low density: 1.8 bears per 100 square miles in 
GMU 26B (lower density on coastal plain than 
in foothills and mountains 


Uncommon; in habitats supporting lemmings 


Carroll 1995, 2013a; Lenart 2015a 2015c; Young 
and McCabe 1997; Shideler and Hechtel 2000 


Bee and Hall 1956; MacDonald and Cook 2009 


Rare; generally restricted to riverine areas with | Tape, Gustine et al. 2016; Carroll 2014; Mould 1977; 
tall shrubs; range expanding Lawhead, Prichard, and Welch 2014; Lenart 2014 


TLDS, OBWC, PWM, MSSM, MTT, RICO 


Rare; groups rarely observed near the Project Arthur and Del Vecchio 2009, 2013b; Danks and 
area Klein 2002; Gustine, Barboza et al. 2011; Wilson 
and Klein 1991; Lenart 2015c 


Moose Alces americanus THLIDS 
Muskox Ovibos moschatus 
Muskrat Ondatra zibethicus \RS,GRMA,SAMA 


Root/tundra 
vole 


Microtus 
oeconomus 


Singing vole 


Microtus miurus 


Unknown distribution or abundance, multiple BLM 2019; MacDonald and Cook 2009 


sightings near Nuiqsut 


Wetter habitats than singing vole: OBWC, 
YBWC, PWM, NPWM, MITT, RICO, SEMA, 
SAMA 

Drier habitats than root vole: TLDS, MSSM, 
DUCO 


Batzli and Hentonnen 1990; Bee and Hall 1956; 
MacDonald and Cook 2009; Pruitt 1968 


MacDonald and Cook 2009; Batzli and Lesieutre 
1995; Garrott, Eberhardt et al. 1983 


Patchily distributed; populations fluctuate 
markedly between years 


Uncommon; less common than farther inland 
(foothills) 
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Common Scientific Habitat Use 


Name Name 


Snowshoe hare | Lepus americanus 


TLDS, especially along riverine corridors 


Final Supplemental Environmental Impact Statement 


Relative Abundance in Analysis Area _ References 


Rare; restricted to areas of tall shrubs; population] MacDonald and Cook 2009; Tape, Christie et al. 
fluctuates cyclicall 2016 


Broad habitat use, especially drier terrestrial 
_{habitats, SEMA, SAMA 

All terrestrial habitats, depending on prey habitat 
use 


Tundra shrew Sorex tundrensis 


Canis lupus 


All terrestrial habitats, depending on prey habitat 
use 


Wolverine 


Gulo gulo 


Poorly known; probably lower density than Bee and Hall 1956; MacDonald and Cook 2009 


barren ground shrew 

Rare; very low density: 1.8-2.9 wolves per 100 | Caikoski 2012; Lawhead, Prichard, and Welch 2014; 
square miles in GMU 26A but lower on Arctic | Harper 2012 
Coastal Plain 


Uncommon; low density 


Carroll 2013b; Magoun 1979, 1985, 1987; Poley, 
Magoun et al. 2018; Delerum, Kunkel et al. 2009; 
Caikoski 2013 


Source: Common and scientific names follow MacDonald and Cook’s (2009) list, except that Bradley, Ammerman et al.’s (2014) list was used for taxonomic changes since 2009. 

Note: BAR (Barren); DUCO (Dune Complex); GMU (Game Management Unit); GRMA (Grass Marsh); HUMO (Human Modified); MSSM (Moist Sedge-Shrub Meadow); MTT (Moist Tussock Tundra); NPWM 
(Nonpatterned Wet Meadow); OBWC (Old Basin Wetland Complex); PWM (Patterned Wet Meadow); RICO (Riverine Complex); RS (River or Stream); SAMA (Salt Marsh); SEMA (Sedge Marsh); SKT (Salt- 
Killed Tundra); TFB (Tidal Flat Barrens); TLDS (Tall, Low, or Dwarf Shrub); YBWC (Young Basin Wetland Complex). Habitats are defined in Section 3.9, Wetlands and Vegetation, and Table E.12.2 below. 


Habitat use is depicted in Figure E.12.1. 
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1.1.4 Muskoxen 

Muskoxen historically occurred throughout northern Alaska, but over-harvesting led to their extirpation in the late 
1800s or early 1900s (Hone 2013 [1934]; Smith 1989). Their population in northeastern Alaska was reestablished 
by translocation to Barter Island and the Kavik River in 1969 and 1970. As their numbers on the ACP increased, 
their range expanded westward to the Colville River and eastward to Babbage River in the Yukon (Lenart 2007; 
Reynolds 1998). 


Although small numbers of muskoxen have occasionally been observed west of the Colville River, they are not 
considered common in the NPR-A (BLM 2012). Between 2001 and 2012, muskoxen herds as large as 25 
individuals were occasionally recorded incidentally in the NPR-A near the Beaufort Sea coast along Harrison 
Bay. A group of six was recorded near Greater Mooses Tooth 2 in June 2001 (Lawhead and Prichard 2002). 
Nuigsut residents report muskox using the Fish Creek drainage (Jonah Nukapigak, Nuiqsut resident, personal 
communication to CPAI. June 6, 2018). Two groups were observed west of the Colville River in 2021 (Welch, 
Prichard et al. 2022). The current population is reportedly stable or slowly increasing (Arthur and Del Vecchio 
2013a; Lenart 2021) and the population on the central North Slope could potentially expand into the analysis area. 
Suitable habitat, which generally consists of riparian, upland shrub, and moist sedge shrub meadows, exists 
throughout the NPR-A (Danks 2000; Johnson, Burgess et al. 1996). 


1.1.5 Wolves 

Gray wolves occur throughout Alaska, occupy large home ranges, and travel maximum distances of 28 to 

60 miles per day (Stephenson 1979). On the ACP, the highest wolf densities are near the Colville River and its 
tributaries, where winter moose densities are highest. Populations fluctuate substantially due to variability in prey 
availability and the severity of winters. Wolf abundance on the ACP is low relative to the foothills and mountains 
of the Brooks Range. This is thought to be due to the seasonal scarcity of caribou on the ACP, and poorer quality 
denning habitat than in the foothills and mountains. In addition to moose and caribou, wolves also prey on voles, 
lemmings, ground squirrels, and snowshoe hares (Hull 1994; Stephenson 1979). At last estimate, approximately 
240 to 390 wolves in 32 to 53 packs were present on the western North Slope (Carroll 1998, 2006). 


1.1.6 Wolverines 

Wolverines are uncommon in the analysis area (BLM 2012; Johnson, Burgess et al. 2005; Lawhead, Prichard, and 
Welch 2014). On the North Slope, wolverines are closely associated with caribou, especially during calving and 
post-calving. They also rely heavily on caribou carcasses in the winter (BLM 1978; Magoun 1979). Two 
wolverines were seen incidentally during other surveys in the analysis area in 2013 (Lawhead, Prichard, and 
Welch 2014) as well as one each in 2001 and 2002 (ABR 2017, unpublished data). Wolverines occur across the 
ACP but are more common in the mountains and foothills of the Brooks Range (Bee and Hall 1956; BLM 1998; 
Poley, Magoun et al. 2018). In 1984, the Bureau of Land Management (2004) estimated a density of one 
wolverine per 140 km’; however, Poley et al. (2018) found that the area southeast of Teshekpuk Lake had a 
higher probability of occupancy that most of the ACP in the NPR-A. Wolverines require large territories and use a 
broad range of habitats, frequently occurring in well-drained, drier areas such as tussock meadow, riparian 
willow, and alpine tundra habitats (BLM 1998; Poley, Magoun et al. 2018). Wolverines may avoid areas near 
human activity (May, Landa et al. 2006). 


1.1.7. Small Mammals 

Small mammals, including shrews, lemmings, voles, ground squirrels, and weasels, are important prey for 
predatory birds and carnivorous mammals on the ACP. Many small mammal species have cyclical population 
fluctuations that are often reflected, with a short temporal lag, in the population fluctuations of their predators. 
For example, snowy owl populations in northern Alaska are highly volatile and are closely associated with 
lemming abundance. Arctic ground squirrels hibernate during winter, whereas lemmings, voles, weasels, and 
shrews are active year-round, often underneath the snow. 


11.8 Canada Lynx* 


_ Lynx were first observed during Alaska Department of Fish and Game moose surveys along the Colville River 
_ 1998 (Tape, Christie et al. 2016). This and subsequent observations document the northern range expansion of 
_ lynx as a result of the range expansion of snowshoe hare (Lepus americanus), the principal prey of lynx (Tape, 
_ Christie et al. 2016). Multiple lynx were observed in the oilfields east of the Project or along the lower Colville 
_ River during 2021 (Welch, Prichard et al. 2022). These sightings included a lynx crossing the Ublutuoch 
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_ (Tinmiagsiugvik) River north of the GMT-1 road in late June 2021 (J. McFarland, Owl Ridge Inc., pers. comm., 
Welch, Prichard et al. 2022). On the ACP, lynx are most likely to use areas with tall shrubs where snowshoe hares | 
are more likely to be present, but lynx have cyclical populations and individual lynx will disperse long distances 
across many types of habitats (Vanbianchi, Gaines et al. 2018). Snowshoe hares require a mean riparian shrub 
height of at least 4.14.5 feet (1.24-1.36 meters [m]) to provide adequate browse (Tape, Christie et al. 2016), so 

he recent climate-related increase in shrubs in the Arctic has allowed snowshoe hare to expand its range north. 

ed as far north as the Colville River Delta by 1993.0 


1.2 Habitats 


Habitats used by terrestrial mammals are summarized in Table E.12.2. The number of species that use each 
habitat type (as listed in Table E.12.1) are tallied in Tables E.12.2 and E.12.3. 


Table E.12.2. Terrestrial Mammal Habitat Types 
Description Species Use? 


Area without vegetation and not normally inundated. ae a 


1 
Ponds and lake margins with the emergent grass Arctophila fulva (pendant grass). Shallow water 1 
depths (less than 3.3 feet). 
Rivers and Streams 


1 
Tidal Flat Barrens Nearly flat, barren mud or sand periodically inundated by tidal waters; may include small areas of 1 
partially vegetated mud or sand 


Barren 
Grass Marsh 


Salt-Killed Tundra —_| Coastal low-lying areas where saltwater from storm surges has killed the original vegetation and 


colonization is occurring by salt-tolerant vegetation. 


Human Modified 
Nonpatterned Wet 
Meadow 


Sedge Marsh Permanently flooded waterbodies dominated by the emergent sedge Carex aquatilis. Typically, 


ent sedges occur in water < 1.6 feet deep. 
Dune Complex Mosaic of swale and ridge features on inactive sand dunes, supporting wet to flooded sedge and 
moist shrub types in swales and moist to dry dwarf and low shrub types on ridges. 


Young Basin Complex ice-poor, drained-lake thaw basins characterized by a complex mosaic of vegetation 
Wetland Complex classes and by surface water with a high percentage of Fresh Sedge Marsh and Fresh Grass Marsh. 
Moist Tussock 


Gentle slopes and ridges of coastal deposits and terraces, pingos, and the uplifted centers of older 
Tundra drained lake basins. Vegetation dominated by tussock-forming plants, most commonly tussock 
cottongrass (Eriophorum vaginatum). Associated with high-centered polygons of low or high relief. 


Old Basin Wetland | Complex ice-rich habitat in older drained lake basins with well-developed low- and high-centered 
Complex polygons resulting from ice-wedge development and aggradation of segregated ice. 
Patterned Wet Lowland areas with low-centered polygons that are flooded in spring, with water remaining close to 
Meadow the surface throughout the growing season. Vegetation growth typically is more robust in polygon 

troughs than in centers. (See also Wet Sedge Meadow description in the Willow MDP EIS, Section 


] 
Riverine Complex Mosaic of moist to wet sedge and shrub types, water, and barrens along flooded streams and 
associated floodplains. 


Moist Sedge-Shrub 
Meadow 


High-centered, low-relief polygons and mixed high- and low-centered polygons on gentle slopes of 
lowland, riverine, drained basin, and deposits formed by the movement of soil and other material. 
Soils saturated at intermediate depths (> 0.5 feet) but generally free of surface water during 
summer. 


Tall, Low, or Dwarf | Woody plants that are smaller than trees and have several main stems arising at or near the ground. 
Shrub 


Note: EIS (Environmental Impact Statement). Habitat use is depicted in Figure E.12.1. Shading depicts high habitat use (by nine or more species). Habitats 
described in other sections of the EIS are not used by terrestrial mammals and thus not included in the table. 

“More information on these habitat types is in the Willow Master Development Plan EIS, Section 3.9, Wetlands and Vegetation. 

> Indicates the number of species that typically use the habitat. 
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Table E.12.3. Habitat Use by Terrestrial Mammals* 
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Note: — (not used); D (denning); F (foraging); IR (insect relief); No. (number); U (general use). Shading indicates high habitat use (nine or more species use the habitat). 
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1.3. Environmental Consequences to Species Other Than Caribou 


1.3.1 Applicable Lease Stipulations and Required Operating Procedures* _ 

All the existing lease stipulations (LS) and required operating procedures (ROPs) for caribou in Table 3.12.1 

_ (in the Willow MDP Environmental Impact Statement [EIS], Section 3.12, Terrestrial Mammals) would also 

_ apply to other terrestrial mammals. Table E.12.4 summarizes other LS and ROPs that would apply to Project 

_ actions on Bureau of Land Management (BLM) managed lands and are intended to mitigate impacts to terrestrial 
_mammals from development activity (BLM 2022). The LS and ROPs would reduce impacts to terrestrial mammal 
habitat, subsistence hunting areas, and the environment that are associated with the construction, drilling, and 
_ operation of oil and gas facilities. In 2021, BLM was directed to reevaluate the 2020 NPR-A Integrated Activity 

_ Plan (IAP). The NPR-A IAP re-evaluation resulted in the issuance of a new NPR-A IAP Record of Decision. Full 
_ text of the requirements is provided in BLM (2022). 


Table E.12.4. Summary of Required Operating Procedures Intended to Mitigate Impacts to Terrestrial 
Mammals* 


ROP |Description or Objective | Requirement/Objective 


ROP | Protect the health and safety | Areas of operation shall be left clean of all debris. 

A-1  jof oil and gas field workers 
and the general public by 
disposing of solid waste and 


garbage in accordance with 
applicable federal, State, and 
local law and regulations. 


ROP _ |Minimize impacts on the Lessees/permittees shall prepare and implement a comprehensive waste management plan 
A-2 {environment from non- for all phases of exploration and development, including seismic activities. The plan shall 
hazardous and hazardous be submitted to the AO for approval, as part of a plan of operations or other similar permit 


waste generation. Encourage | application. 
continuous environmental 
improvement. Protect the 
health and safety of oil field 


Waste generation shall be addressed in the following order of priority: 1) prevention and 
reduction, 2) recycling, 3) treatment, and 4) disposal. The plan shall consider the following 


workers and the general abe hen Gtuiseeee an : : 4 : aoe 
HBL es Paine. ae The plan shall identify precautions that are to be taken to avoid attracting wildlife to 
P food and garbage. 


changes in predator 


populations b. Requirements prohibit the burial of garbage. Users shall have a written procedure to 


ensure that the handling and disposal of putrescible waste will be accomplished in a 
manner that prevents the attraction of wildlife. All putrescible waste shall be 
incinerated, backhauled, or composted in a manner approved by the AO. All solid 
waste, including incinerator ash, shall be disposed of in an approved waste-disposal 
facility. The burial of human waste is prohibited. 

c. BLM requires all pumpable solid, liquid, and sludge waste be disposed of by injection 
in accordance with EPA, DEC, and AOGCC regulations and procedures. 

d. BLM prohibits wastewater discharges or disposal of domestic wastewater into bodies of 
water, including wetlands, unless authorized by a National Pollutant Discharge 
Elimination System or State permit. 

ROP |Minimize conflicts resulting |Lessees will prepare and implement bear-interaction plans to minimize conflicts between 

A-8 _ | from interaction between bears and humans. These plans shall include measures to: 

humans and bears during oil |}a. Minimize attraction of bears to the drill sites. 

and gas activities. b. Organize layout of buildings and work sites to minimize human-bear interactions. 

c. Warn personnel of bears near or on work sites and identify proper procedures to be 
followed. 
d. Establish procedures, if authorized, to discourage bears from approaching the work site. 
e. Provide contingencies in the event bears do not leave the site or cannot be discouraged 
by authorized personnel. 
f. Discuss proper storage and disposal of materials that may be toxic to bears. 
g. Provide a systematic record of bears on the work site and in the immediate area. 
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ROP |Description or Objective | Requirement/Objective 
ROP |Protect grizzly bear, polar _|a. Grizzly bear dens: Cross-country use of vehicles, equipment, and oil and gas activity is 
C-1 _|bear, and marine mammal prohibited within 0.5 mile of occupied grizzly bear dens, unless protective measures are 
denning and/or birthing approved by BLM. 
locations. b. Polar bear dens: Cross-country use of vehicles, equipment, and oil and gas activity is 
prohibited within 1 mile of known or observed polar bear dens, unless alternative 
protective measures are approved by BLM. 


c. To limit disturbance around known polar bear dens, implement the following: 

1. Onshore activities in known or suspected polar bear denning habitat during the 
denning season (approximately November to April) must make efforts to locate 
occupied polar bear dens. All observed or suspected polar bear dens must be 
reported to USFWS prior to the initiation of activities. 

2. Permittees must observe a 1-mile operational exclusion zone around all known 
polar bear dens during the denning season (or until the female and cubs leave 
the areas). Should previously unknown occupied dens be discovered, work must 
cease and USFWS must be contacted for guidance. Potential actions may range 
from cessation or modification of work to conducting additional monitoring. 

3. Use the den habitat map developed by USGS. 

4. Restrict activity timing to limit disturbance around dens. 

d. To limit disturbance of activities to seal lairs in the nearshore area (< 9.8-foot water 
depth): 

1. Prior to the initiation of winter seismic surveys on marine ice, the permittee will 
conduct a sound source verification test approved by BLM and NMFS. 

2. For all activities: 

i. Maintain airborne sound levels of equipment below 100 db re 20 Pa at 
66 feet. 

ii. On-ice operations after May 1 will employ a full-time protected species 
observer on vehicles to ensure that all basking seals are avoided by 
vehicles by at least 500 feet and will ensure that all equipment with 
airborne noise levels are operating at distances from observed seals that 
allow for the attenuation of noise to levels below 100 decibels. 

il. Sea ice trails must not be greater than 12 feet wide. 
iv. No unnecessary equipment or operations will be placed or used on sea 


ice. 
ROP | Minimize the impact of Gravel mine site design and reclamation will be in accordance with a plan approved by the 
E-8 | mineral materials mining AO. The plan shall consider: 


activities on air, land, water, |a. Locations outside the active flood plain. 

fish, and wildlife resources. |b. Design of gravel mine sites within active flood plains to serve as water reservoirs for 
future use. 

c. Potential use of the site for enhancing fish and wildlife habitat. 

d. Potential storage and reuse of sod/overburden for the mine site or at other disturbed 
sites on the North Slope. 

a. Lessee shall use best available technology to prevent facilities from providing nesting, 
denning, or shelter sites for ravens, raptors, and foxes. The lessee shall provide the AO 
with an annual report on the use of facilities by ravens, raptors, and foxes as nesting, 
denning, and shelter sites. 

b. Feeding wildlife is prohibited. 

If a development is proposed in an area that provides potential habitat for the Alaska tiny 

shrew, the development proponent would conduct surveys at appropriate times of the year 

and in appropriate habitats in an effort to detect the presence of the shrew. The results of 
these surveys will be submitted to BLM with the application for development. 


Avoidance of human-caused 
increases in populations of 
predators of ground nesting 
birds. 


ROP 
M-4 


Minimize loss of individuals 
of, and habitat for, 
mammalian species 
designated as Sensitive by 
BLM in Alaska. 
Source: BLM 2022 

Note: AO (authorized officer); AOGCC (Alaska Oil and Gas Conservation Commission); BLM (Bureau of Land Management); DEC 
(Alaska Department of Environmental Conservation); EPA (U.S. Environmental Protection Agency); ROP (required operating procedure); 
USGS (U.S. Geological Survey). 


Similar types of effects as described for caribou under Alternative B (Proponent’s Project) would also occur for 
other species. Effects unique to other species are described below. 
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1.3.2 Habitat Loss or Alteration 

Alternative B would permanently remove 619.8 acres of terrestrial mammal habitat due to gravel fill or gravel 
mining. Tables E.12.5 and E.12.6 summarize habitat loss or alteration by habitat type. The largest amount of 
habitat loss would occur in moist tussock tundra, which is used by 10 species. The mine site pit and CFWR 
(Alternatives B, C, and D) would be transformed into permanent open water habitat unsuitable for terrestrial 
mammals. Because the habitats lost are not unique and occur throughout the analysis area.and ACP, caribou and 
other species would likely move to similar habitats nearby. 


Use of gravel infrastructure would result in gravel spray and dust deposition, which would alter 3,448.4 acres of 
terrestrial mammal habitats within 328 feet (100 m) of gravel infrastructure (3,120.5 acres in high use habitats). 
Dust can change plant community composition or structure, and is discussed in detail in the Willow MDP EIS, 
Section 3.9, Wetlands and Vegetation. 


Arctic ground squirrels and other small mammals would lose foraging and burrow habitat and grizzly bears could 
lose minor amounts of foraging. Impacts would be at an individual level and likely would not affect the 
population. 


Compressed snow and ice from ice infrastructure and from snow-removal on gravel roads would temporarily alter 
habitats by delaying snow melt and compacting vegetation. Ermine, short-tailed weasel, least weasel, collared 
lemming, brown lemming, singing vole, root and tundra mole, barren ground shrew, and tundra shrew remain 
active all winter and thus their winter habitats are vulnerable to crushing from placement of ice, snow, and gravel 
for road and pad construction. These mammals may relocate to avoid impacts of winter construction. Arctic 
ground squirrels hibernate in winter and are unable to relocate in response to winter construction activities. 


1.3.3 Disturbance or Displacement 
Disturbance of grizzly bears during winter denning has the potential to displace bears from their dens, imposing 


large energetic costs on adults and risking mortality of cubs (Amstrup 1993; Clough, Patton et al. 1987; Linnell, 
Swenson et al. 2000; Reynolds 1986). Snow cover greatly attenuates sounds, and Project activities would not 
likely disturb bears in dens at distances greater than 328 feet (100 m) (Blix and Lentfer 1992), although activities 
may be detectable above background levels at 0.3 to 1.25 miles (0.5 to 2 kilometers), depending on the stimulus 
(LGL Limited Environmental Research Associates and JASCO Research Ltd. 2003). The most audible 
disturbance stimuli inside bear dens would be an underground blast (gravel mining) or airborne helicopters 
directly overhead. Studies have noted high variability in the tolerance of bears to noise and disturbance (LGL 
Limited Environmental Research Associates and JASCO Research Ltd. 2003). 


Existing ROP C-1 for the NPR-A stipulate that occupied grizzly bear dens must be avoided by a distance of 

0.5 mile. Grizzly bears may abandon dens because of disturbance (Clough, Patton et al. 1987; Swenson, 
Sandegren et al. 1997). Although the analysis area likely provides suitable denning habitat, the number of bears 
denning near Project facilities in a single year would be low, thus reducing the risk of disturbance; however, 
females denning with cubs would be of most concern. Because bank habitats along Fish Creek and Judy (Kayyaaq 
and Iqalliqpik) Creek are suitable for bear dens in the analysis area. Ongoing coordination with agency biologists 
monitoring radio-collared bears in the region would provide precise location information to avoid the dens of 
marked individuals, although uncollared bears also occur in the area. 


Wolverines could be displaced from areas of increased human activity and could experience higher risk of human- 
caused mortality (May, Landa et al. 2006). Wolves are also likely to avoid areas of human activity. Changes in 
wolf and wolverine distribution as well as the presence of development, could alter harvest effort and locations 
for these species. Changes in caribou distribution could have indirect effects of wolf and wolverine distribution. 


1.3.4 Injury or Mortality 


Foxes are present and active year-round in the analysis area and would be subject to vehicle strikes during all 
seasons. Collision rates for terrestrial mammals in the Alpine and GMT developments from 2015 to June 2021 
ranged from one to seven collisions per year with a total of 25 reported collisions. Collisions were mostly with 
foxes (16 red foxes, 3 arctic foxes, and 3 unknown species of fox), but collisions with one wolverine, one 
muskrat, and one caribou were also reported. In general, however, the scheduling of the heaviest construction- 
related traffic during the winter would help to reduce the potential for vehicles to strike terrestrial mammals. 
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Small terrestrial mammals with limited mobility and small home ranges could be directly killed within the 
footprints of ice road construction, gravel excavation, and gravel placement. In addition, individual lemmings, 
voles, and shrews may experience indirect mortality due to habitat disruption and fragmentation from the 
compaction of subnivean spaces by ice road construction and from construction of gravel roads and pads, which 
would pose barriers to small-mammal movement. 


1.3.5 Attraction to Human Activities and Facilities 

Foxes and grizzly bears are attracted to areas of human activity, where they feed on garbage and handouts 
(Eberhardt, Hanson et al. 1982; Follmann 1989; Follmann and Hechtel 1990; LGL Ecological Research 
Associates 1993; Shideler and Hechtel 2000). Their presence near human activity increases the potential for 
animals to be struck by vehicles, ingest toxic substances, or be killed by humans in defense of life or property. 
Foxes and, to a lesser extent, grizzly bears, may use human structures, such as gravel embankments and empty 
pipes, for denning (Burgess, Rose et al. 1993; Shideler and Hechtel 2000). 


Increased predator populations around oil field developments may increase predation on prey populations (Day 
1998; Martin 1997). This impact is inferred from the higher number of foxes, increased density of fox dens 
(Burgess 2000; Burgess, Rose et al. 1993; Eberhardt, Hanson et al. 1982), and higher numbers of bears (Shideler 
and Hechtel 2000) in the North Slope oil fields and near Deadhorse. Foxes prey on birds and small terrestrial 
mammals, and bears prey on caribou, muskoxen, ground squirrels, and bird nests. Red fox may displace Arctic 
fox and kill pups; therefore, if red foxes have access to anthropogenic food, it could result in an increase in red 
fox numbers and a decline of Arctic fox numbers. Increases in mortality of ungulate calves by bear may affect 
populations locally, although there is little information to suggest population-level effects occur with any 
regularity. Grizzly bear predation of muskoxen is difficult to quantify. It is unlikely that bear predation depresses 
the caribou population substantially, although the muskox population appears to be more affected. 


Human-animal interactions would occur during all seasons and all phases of the Project but would be likely to 
occur most frequently during construction when human activity would be most intensive and widespread. Lower 
levels of human activity during drilling and operations would result in correspondingly lower rates of human- 
animal interactions. 


Control of food waste and other garbage would help minimize predators and scavengers being attracted to 
facilities. Existing ROPs and company policies against feeding animals would be strictly enforced. Proper 
containment and removal of garbage and hazardous waste at camps and drill sites would minimize the attraction 
of predators and the risks to animals. A Wildlife Avoidance and Interaction Plan and environmental awareness 
program for all Project employees would be required to address waste-handling practices and bear interactions. 
Even with effective enforcement of these policies, attraction of predators and scavengers would be likely. 


1.4 Alternatives Comparison Tables: All Species 

Habitat loss and alteration is summarized by land-based alternative in Tables E.12.5 and E.12.6. Table E.12.7 
summarizes the proportion of the TCH seasonal range within 2.5 miles of new gravel infrastructure by action 
alternative and module delivery option. 
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Table E.12.5 Acres of Terrestrial Mammal Habitats Permanently Lost by Action Alternative or Option* 
Habitat Habitat Value Acres in the Alternative B: Alternative C: Alternative D: Alternative E: Three- 

(1 to 13)? Analysis Area Proponent’s Disconnected Infield Disconnected Access Pad Alternative 

Project (Fourth Pad 


Option 3: Colville 
River Crossing 


Unmapped Area SRN Alera 554-204: 5 van fae Oe sSpaeent0 ne 
Barren Samer aenent| m0 2537 aes | Se Oe aR a ee 
Grass Marsh er ee he See 
Rivers and Streams a Lee Eee 
Salt Killed Tundtal eee ae es aes Pe 0 ee Ear 
Tidal Flat Barrens Sail See Sede ea aoe ae 
Sa ial 
Nonpiliened WeeMesdowian |= 6 0 S| sg00e4900 | 2300 | 
Serer Se 
Dien eeeness | telat aer| oe L.o86— [= = 0d == rawr 
Riverine Complex meee wee Disses aa 19 | = 
Young Rash Wetland Complex n\n pe ao. | EO ae 
CRN ead 
Sidanieaare ne ae = Ne OMe sino Glee 0 Pag eereeQsc saan 
RSE rae id 


Note: NA (not applicable). All action alternatives include acres lost from the mine site. Options | and 2 would not result in habitat loss for terrestrial mammals and are not included in this table. Total acres of 
terrestrial mammal habitat loss may differ from total gravel footprint because not all areas that would be filled are used by terrestrial wildlife. 

4 As described above in Section 1.2, Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for species occurrence. Shading denotes high-use habitats (use by 
nine or more species). See Tables E.12.2 and E.12.3 for more details on habitat use. 

> Seasonal use of areas with fewer insects (possible positive effect). Attraction to roads may also increase risk of collisions with vehicles (possible negative effect). 


Table E.12.6. Acres of Terrestrial Mammal Habitats Altered by Dust, Gravel Spray, Thermokarsting, or Impoundments by Action Alternative or 
ption* 
Habitat Value Alternative B: Alternative C: Alternative D: Alternative E: Three- (ee) uityieeHr eu) wail 
(1 to 13)? Proponent’s Project Disconnected Infield Road Disconnected Access Pad Alternative River Crossing 


Fourth Pad Deferred 
aa ers Se 0 | 
eee ae aera | Sae as)  S 
a a el ee ee 


sll 
a 
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Habitat Habitat Value Alternative B: Alternative C: Alternative D: Alternative E: Three- 
(1 to 13)" Proponent’s Project Disconnected Infield Road Disconnected Access Pad Alternative 
Fourth Pad Deferred 


1,715.4 1,269.9 1,397.4 
OSES 175.7 174.1 : 


Option 3: Colville 
River Crossing 


505.9 469.2 
eee ee ee eee 
235.2 2774 210.7 
se-Shrub Meadow 363.7 311.9 


alt Marsh 


2 


Total high-use habitat acrey = NA | 3,095.0 3,115.3 2,392.9 2,564.3 : 
Totalacreg == NA | 3,376.0 3,395.1 2,628.1 2,785.4 j 


Note: NA (not applicable). Table depicts area potentially altered by dust generated from vehicles or wind on gravel fill (328-foot [100-meter] radius from gravel infrastructure). Options | and 2 would not result in 
habitat alteration by dust, gravel spray, thermokarsting, or impoundments for terrestrial mammals and are not included in this table. Total acres altered by dust may differ among resources because not all habitats are 
used by all resources (e.g., birds use different habitats than terrestrial mammals, and thus the total acres affected would be different). 

“As described in F.12.2, Habitats, habitats were ranked by the number of species using them to portray areas with the highest potential for species occurrence. Shading denotes high-use habitats (use by nine or more 
species). See Tables E.12.2 and E.12.3 for more details on habitat use. 

* Seasonal use of areas with fewer insects (possible positive effect). Attraction to roadsides may also increase risk of collisions with vehicles (possible negative effect). 
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Table E.12.7. Percent of the Teshekpuk Caribou Herd Seasonal Range within 2.5 Miles of New Gravel Infrastructure by Action Alternative and 
Module Delivery Option* 
Percentage of Alternative B: Alternative C: Alternative D: 
Seasonal Range Proponent’s Disconnected Disconnected 
Project Infield Road Access 


Alternative E: Option 1: Option 2: Point | Option 3: Colville Analysis Area 
Three-Pad _ Proponent’s Lonely Module River Crossing 
PNicguieuiwaeaniin Module Transfer = Transfer Island® 


Spring migration 
Calving (maternal 
females onl 
Post-calving 
Mosquito season 
Oestrid fly season 
Late summer 
Fall migration 
Winter 
Source: ABR Inc. 2022 


Note: < (less than). Percentages based on the proportion of use distribution calculated using kernel density estimation for each season. 
“Percent of caribou herd within 2.5 miles (4 kilometers) of new and existing gravel infrastructure at Point Lonely. 


11.87 


13.07 
15.36 
10.26 


<0.01 
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1.0 MARINE MAMMALS 


This appendix contains additional information on species and applicable underwater noise concepts and 
methodologies used in the development of the Willow Master Development Plan Project (Project) Environmental 
Impact Statement (EIS), Section 3.13, Marine Mammals. 


1.1 Marine Mammals and Critical Habitats Protected under the Endangered 
Species Act 


Descriptions of marine mammals that may be affected by the Project are summarized below, full descriptions are 
in Bureau of Land Management (BLM) (2019b, 2020), Bureau of Ocean Energy Management (BOEM) (2018), 
and National Marine Fisheries Service (NMFS) (2016). 


1.1.1 Baleen Whales 


1.1.1.1 Blue Whale 

There are two stocks of blue whales (Balaenoptera musculus) in the North Pacific: the Eastern North Pacific stock 
and the Western/Central North Pacific stock. Individuals from both stocks may be found in Alaska. Blue whales 
primarily eat krill and generally occur in areas with high concentrations of krill. Blue whales feed at the surface 
and at depths over 328.1 feet (100 meters [m]). This may be tied to coastal upwelling that creates high 
concentrations of phytoplankton (Bailey, Mate et al. 2009) or because of vertical movements of prey through the 
water column (NMFS 2018a). Foraging habitat for the Western/Central North Pacific stock includes areas 
southwest of Kamchatka, south of the Aleutians, and in the Gulf of Alaska during the summer months (Stafford 
2003). For the Eastern North Pacific stock, the U.S. west coast is one of the most important feeding areas in 
summer and fall; feeding to the north and south of this area has increased in recent years (Carretta, Forney et al. 
2018). Blue whales could be encountered along the barge transit route in the Gulf of Alaska and the southern 
Bering Sea. They have not been reported in the Chukchi or Beaufort seas and thus would not occur near Oliktok 
Dock. 


There is no critical habitat designated for blue whales. 


1.1.1.2 Bowhead Whales* 

There are four stocks of bowhead whale (Balaena mysticetus) recognized globally by the International Whaling 
Commission, but only the Western Arctic stock, also referred to as the Bering-Chukchi-Beaufort stock or the 
Bering Sea stock, is found in Alaskan waters (Muto, Helker et al. 2021). Bowhead whales could be encountered 
along the barge transit route in fall as they migrate west across the Beaufort and Chukchi seas (Muto, Helker et al. 
2O21): 


_ NMFS’ 2016 Effects of Oil and Gas Activities in the Arctic Ocean: Final Environmental Impact Statement 

_ provided a detailed analysis of bowhead whale distribution in the Beaufort Sea during summer-fall aerial surveys 

_ through the Bowhead Whale Aerial Survey Project (BWASP) (NMFS 2016). That analysis is incorporated here 

_ by reference. BWASP was funded by the Minerals Management Service/BOEM and BLM annually from 1979 to 

_ 2010 to study the autumn migration of bowhead whales through the Alaskan Beaufort Sea. Although the project 

_ was aimed toward understanding bowhead whales, data were collected on all marine mammals sighted. In 2007, 
_ the NMFS National Marine Mammal Laboratory began coordinating BWASP. In 2011, an interagency agreement | 
_ between BOEM and the National Marine Mammal Laboratory combined BWASP with the Chukchi Offshore 
_ Monitoring in Drilling Area project, which employed aerial surveys for marine mammals in the Chukchi Sea, 

_ under the auspices of a single survey called Aerial Surveys of Arctic Marine Mammals (ASAMM) (Clarke, 

_ Christman et al. 2012). 


_ Results from the ASAMM surveys show that bowhead whales generally migrate to the east in spring, generally 

_ prior to when barges would be transiting the analysis area (Clarke, Brower et al. 2020). Bowhead whales have 

_ been reported all summer in Harrison Bay, although they generally remain outside of the barrier islands in waters 

_ over 65 feet (20 m) in depth. Results from the ASAMM surveys indicated that the mean water depth preferred by | 
_ bowhead whales during summer in the western Beaufort Sea between 2012 and 2017 was 200 feet (61 m) and the | 
_ mean distance from shore was 21 miles (34 kilometers [km]) (Clarke, Brower et al. 2020). In the fall, data 
_ indicated that the mean distance from shore from 1989 through 2018 was 19.7 miles (31.7 km) in the western 

| Beaufort Sea (Clarke, Brower et al. 2020). Although bowhead whales have been seen closer to shore and near 
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Oliktok Dock on occasion, they are not expected to be near Oliktok Dock due to the area’s shallow waters and the 


There is no critical habitat designated for bowhead whales. 


1.1.1.3. Fin Whale 

Fin whales (Balaenoptera physalus) of the Northeast Pacific stock can be found in the Chukchi Sea, in the Sea of 
Okhotsk, around the Aleutian Islands, and in the Gulf of Alaska (Muto, Helker et al. 2021). Surveys conducted 
along the Bering Sea shelf indicated fin whales were the most common large whale sighted, with whales 
distributed in an area of high productivity along the edge of the eastern Bering Sea continental shelf and in the 
middle shelf area (Friday, Waite et al. 2012; Friday, Zerbini et al. 2013; Springer, McRoy et al. 1996). Fin whales 
feed on krill, small schooling fish (e.g., herring, capelin, sand lance), and squid in summer. The whales fast in the 
winter while they migrate to warmer waters. Fin whales could be encountered along the barge transit route in the 
Gulf of Alaska and the Bering and Chukchi seas. Fin whales have not been reported in the Beaufort Sea, and thus 
would not occur near Oliktok Dock. 


There is no critical habitat designated for fin whales. 


1.1.1.4 Humpback Whale* 

Three distinct population segments (DPSs) of humpback whale (Megaptera novaeangliae) occur in Alaska: the 
Western North Pacific DPS, the Mexico DPS, and the Hawaii DPS. Research indicates movement between winter 
and spring locations off Asia, including several island chains in the western North Pacific, primarily to Russia, as 
well as the Bering Sea and the Aleutian Islands during the summer months (Muto, Helker et al. 2021). The 
Mexico DPS of humpback whale winters in Mexico and migrates to diverse feeding areas. Summer feeding areas 
for this DPS include the Aleutian Islands; the Bering, Chukchi, and Beaufort seas; the Gulf of Alaska; southeast 
Alaska and northern British Columbia; southern British Columbia and Washington; and Oregon and California. 
Humpback whales could be encountered along the barge transit route in the Bering and Chukchi seas; there is a 
very low potential for encounters in the Beaufort Sea as there are only a few sightings of humpback whales east of 
Point Barrow. Humpback whales are not expected to occur near Oliktok Dock. 


The National Marine Fisheries Service (NMFS) issued a final rule designating critical habitat for the endangered 

_ Western North Pacific DPS and the Mexico DPS in Alaska waters in 2021, partially encompassing the 

_ southernmost extent of the barge transit route near Dutch Harbor (86 FR 21082). Threats and vulnerabilities 

_ identified for this stock of humpback whales include natural and anthropogenic factors such as shipping traffic, 

_ military sonars, harmful algal blooms (Geraci, Anderson et al. 1989), climate change—related changes in prey 

_ distribution, fishing equipment entanglements, vessel strikes, and oil and gas—related activities (Muto, Helker et 

Lal, 2020). oe Ss oe 
1.1.1.5 North Pacific Right Whale 
Historically, and prior to commercial whaling activities, North Pacific right whales (NPRWs) (Eubalaena 
japonica) were found in the Gulf of Alaska, the eastern Aleutian Islands, the south-central Bering Sea, the Sea of 
Okhotsk, and the Sea of Japan (Muto, Helker et al. 2021). The majority of NPRW sightings have occurred from 
approximately 40 degrees north to 60 degrees north latitude. Most sightings of right whales in the past 20 years 
have been in the southeastern Bering Sea, with a few in the Gulf of Alaska (Muto, Helker et al. 2021). NPRWs 
could be encountered along the barge transit route in the Bering Sea. There is critical habitat for NPRW in the 
barge transit route, but the route will be designed to avoid critical habitat. NPRWs have not been reported in the 
Beaufort Sea and thus will not occur near Oliktok Dock. 


Critical habitat for NPRWs was designated in 2006 and is located in the Gulf of Alaska and the Bering Sea 
(NMFS 2006). Principal habitat requirements for right whales are areas of dense concentrations of prey, such as 
large species of zooplankton (Clapham, Shelden et al. 2006). Potential threats to right whale habitat are linked to 
commercial shipping and fishing vessel activity. Fishing activity increases the risk of entanglement, while 
shipping activities increase the risk of vessel strikes and oil spills in right whale habitat. 


1.1.1.6 Gray Whale 
Two stocks of gray whale (Eschrichtius robustus) occur in Alaska—the Western North Pacific stock and the 
Eastern North Pacific stock. They feed during the summer and fall in the Okhotsk Sea off northeastern Sakhalin 
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Island, Russia, and southeastern Kamchatka in the Bering Sea (Muto, Helker et al. 2021). Some gray whales 
observed feeding off Sakhalin and Kamchatka migrate during winter to the west coast of North America in the 
eastern North Pacific while others migrate to areas off Asia in the western North Pacific (Muto, Helker et al. 
2021). The western stock of gray whale could be encountered along the barge transit route in the Bering and 
Chukchi seas. The gray whales reported in the Beaufort Sea are likely from the eastern stock of gray whale, which 
are not listed. Therefore, the western stock will not occur near Oliktok Dock. 


There is no critical habitat designated for gray whales. 


1.1.2 Toothed Whales 


1.1.2.1 Sperm Whale 

Sperm whales (Physeter macrocephalus) are one of the most widely distributed marine mammal species; 
however, their population was depleted by commercial whaling over a period of more than 100 years. The North 
Pacific stock of sperm whales is widely distributed in the North Pacific, generally south of latitude 62 degrees 
north (Muto, Helker et al. 2021). Extensive numbers of female sperm whales have been documented in the 
western Bering Sea and the Aleutian Islands (Ivashchenko, Brownell Jr et al. 2014; Mizroch and Rice 2006). 
Males have been found im the Gulf of Alaska, the Bering Sea, and the waters around the Aleutian Islands in 
summier (Ivashchenko, Brownell Jr et al. 2014; Mizroch and Rice 2013). Sperm whales could be encountered 
along the barge transit route in the Gulf of Alaska and Bering Sea. They have not been reported in the Chukchi or 
Beaufort seas, so they will not occur near Oliktok Dock. 


There is no critical habitat designated for sperm whales. 
1.1.3 Pinnipeds 


1.1.3.1 Bearded Seal* 

The Bering Sea stock of bearded seals (Erignathus barbatus) (Muto, Helker et al. 2021) are benthic feeders, 
preferring relatively shallow waters with drifting pack ice, where they feed on clams, shrimp, crabs, squid, and 
fish (Kovacs 2009). Hence, bearded seals typically prefer water depths of 80 to 250 feet (24 to 76 m) in the 
Beaufort Sea (Stirling, Kingsley et al. 1982). Bearded seals are closely associated with sea ice, and they prefer ice 
that is constantly in motion, which naturally creates open areas of water. They prefer broken, drifting pack ice but 
also use bottom-fast ice (Burns 1983; Kelly 1988). 


During winter, bearded seals sometimes concentrate around consistently open leads in the ice and near the edge of 
pack ice (Kovacs 2009). Sea ice is important for reproduction, molting, and breeding (Cameron, Bengtson et al. 
2010). Bearded seals pup on ice in late April or early May, mate after pups are weaned two to three weeks later, 
and molt in May and June (Kelly 1988). The primary predator of bearded seals is the polar bear. 


As seasonal sea-ice cover retreats in the spring, bearded seals travel northward from the Bering Sea to the 
Chukchi and Beaufort seas and then back to the Bering Sea in fall and winter, when the ice begins to form again 
(Cameron, Bengtson et al. 2010). Bearded seals are less common in the Beaufort Sea, where only a few 
overwinter (Burns 1983; MacIntyre, Stafford et al. 2013). Most of the population disperses widely throughout 
northern Alaska waters in the open-water season, when some move into the Beaufort Sea (Burns 1983). Suitable 
habitat in the Beaufort Sea appears to be more limited than in the Chukchi Sea, which supports a higher rate of 
productivity than the Beaufort Sea (Bengston, Hiruki-Raring et al. 2005). 


During the open-water season, bearded seals have been documented in Harrison Bay offshore from the Project, 
albeit in much lower numbers than ringed seals (LGL Alaska Research Associates Inc. 2008, 2011; Tetra Tech 
EC Inc. 2005, 2006, 2007); and a few bearded seals have been documented in the waters near Oliktok Point (LGL 
Alaska Research Associates Inc. 2008, 2011). Bearded seals are uncommon in the shallow waters near the 
Colville River Delta (CRD) because they tend to prefer drifting ice offshore (Seaman 1981). 


_ NMFS designated critical habitat off the Alaska coast for the bearded seal Beringia distinct population segment in . 
_ the waters of the Bering, Chukchi, and Beaufort seas on April 1, 2022 (87 FR 19232). Bearded seal critical habitat _ 
nelu cerita ereeere ees, reas 90s Fecaaien os Cxtenddine Geen the nearshore boundary, . 
=fin by the 9.8-foot (- neters) isobath relative to mean lower low water (MLLW), to varying offshore limits 

| the U.S economic exclusion zone. The eastemmmost coastal boundary is along the Alaska/Canada border, 
thernmos : coastal boundary is near the mouth of the Kolovinerak River. | 
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: anes and biological features identified as essential to the conservation of the bearded seal and wee to 


a 1. Sea ice habitat suitable for whelping and nursing, ‘which is iohicde as areas with waters 656 fest (200 

meters) or less in-depth containing pack ice of at least 25% concentration and providing bearded seals 

access to those waters from the ice. 

2. Sea ice habitat suitable as a platform for molting, which is defined as areas with waters 656 feet (200 

meters) or less in-depth containing pack ice of at least 15% concentration and providing bearded seals 

access to those waters from the ice. 

3. Access to primary prey resources to support bearded seals which are found in waters 656 feet (200 

meters) or less in depth containing benthic organisms, including epifaunal and infaunal invertebrates, and | 
demersal fishes. 


1.1.3.2 Ringed Seal* 

The Arctic stock of ringed seals (Pusa hispida) (Muto, Helker et al. 2021) typically inhabit waters greater than 16 
feet (4.9 m) deep. Thus, they are not abundant in the nearshore waters immediately off the CRD and barrier 
islands but are more common farther offshore in Harrison Bay (Seaman 1981). Ringed seals can winter on 
bottom-fast ice (Kelly, Bengtson et al. 2010), a habitat not used by other seal species. Ringed seals are strongly 
associated with sea ice; thus, changes in ice conditions influence their movements, foraging, reproductive 
behavior, and vulnerability to predation (Kelly, Bengtson et al. 2010). Arctic ringed seals use sea ice for resting, 
pupping, and molting; they rarely come ashore (Kelly, Badajos et al. 2010; Kelly, Bengtson et al. 2010). 


Ringed seals move northward as ice cover recedes, spend summer far offshore (over 100 miles in some years), 
and return southward as ice advances in fall (Seaman 1981). Ringed seals forage in the open sea on fish, 
crustaceans, zooplankton, and invertebrates (Harwood, Smith et al. 2012; Kovacs 2007). The ringed seal is the 
primary prey species for polar bears and also is preyed on by Arctic foxes. 


In 2014, NMFS published a proposed rule to designate critical habitat for the Arctic subspecies of ringed seal in 
the northern Bering, Chukchi, and Beaufort seas (NMFS 2014). In 2021, NMFS issued a revision to the proposed 
designation (86 FR 1452). 


_ NMFS designated critical habitat off the Alaska coast for the ringed seal Arctic subspecies in waters of the 

_ Bering, Chukchi, and Beaufort seas on April 1, 2022 (87 FR 19232). Ringed seal critical habitat generally 

_ includes marine waters within the Bering, Chukchi, and Beaufort seas, extending from the nearshore boundary, 
_ defined by a 9.8-foot (3-meter) isobath relative to MLLW, to varying offshore limits within the U.S. economic 
_ exclusion zone. The easternmost coastal boundary is along the Alaska-Canada border, and the southernmost 

_ coastal boundary is near Cape Romanzof. 


e The features identified as essential to the conservation of the ringed seals and used to ee the extent of 


~ Snow-covered sea-ice habitat suitable for a formation and maintenance of non birth lairs used for 
sheltering pups during whelping and nursing, which is defined as waters 9.8 feet (3 meters) or more in 
depth (relative to MLLW) containing areas of seasonal landfast (shorefast) ice or dense, stable pack ice, 

that have undergone deformation and contain snowdrifts of sufficient depth to fee and maintain birth 

: lairs (typically at least 1.8 feet [54 cm] deep); 
2. Sea-ice habitat suitable as a platform for basking and molting, which is defined as areas containing sea ice © 
of 15% or more concentration in waters 9.8 feet (3 meters) or more in depth (relative to MLLW); and 
3. Access to primary prey resources to support Arctic ringed seals, which are defined to be small, often 

| schooling, fishes, in particular Arctic cod, saffron cod, and rainbow smelt; and small crustaceans, in 
particular, shrimps and amphipods. 


1.1.3.3 Steller Sea Lion 

Steller sea lion (Eumetopias jubatus) habitat extends around the North Pacific Ocean rim from northern Japan, the 
Kuril Islands and the Okhotsk Sea, through the Aleutian Islands and the Bering Sea, along Alaska’s southern 
coast, and south to California (Figure 16; Muto, Helker et al. 2021). The western DPS breeds on rookeries in 
Alaska, from Prince William Sound west through the Aleutian Islands. There are more than 100 haulout and 
rookery sites within the Steller sea lion range in western Alaska, with centers of abundance and distribution in the 


Gulf of Alaska and Aleutian Islands. Outside of the breeding season, during late May to early July, large numbers 
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of individuals, both male and female, disperse widely. Steller sea lions are commonly found from nearshore 
habitats to the continental shelf and slope (Muto, Helker et al. 2018). Steller sea lions will be encountered in the 
southern part of the barge transit route along the Aleutian Islands and the Bering Sea. They do not inhabit the 
Chukchi or Beaufort seas, so they will not occur near Oliktok Dock. 


Designated critical habitat includes all of the major Steller sea lion rookeries and major haulouts identified in the 
listing notice (NMFS 1993) and associated terrestrial, air, and aquatic zones. Critical habitat includes a terrestrial 
zone that extends 3,000 feet (0.9 km) landward from each major rookery and major haulout and an air zone that 
extends 3,000 feet (0.9 km) above the terrestrial zone of each major rookery and major haulout. For each major 
rookery and major haulout located west of 144 degrees west, critical habitat includes an aquatic zone (or buffer) 
that extends 20 nautical miles (37 km) seaward in all directions. Critical habitat also includes three large offshore 
foraging areas: the Shelikof Strait area, the Bogoslof area, and the Seguam Pass area (NMFS 1993). NMFS has 
also prohibited vessel entry within 3 nautical miles (6.5 km) of all Steller sea lion rookeries west of 150 degrees 
west. At the time of preparation of the Supplemental EIS, NMFS was reviewing existing Steller sea lion critical 
habitat to consider any new and pertinent sources of information since the 1993 designation. 


The portion of the barge transit route near Dutch Harbor is located within designated critical habitat. 


1.1.4 Other Marine Mammals 


1.1.4.1 Northern Sea Otter 

The southern barge transit route near Dutch Harbor, Unalaska, is within the range of the Southwest Alaska DPS 
(Southwest DPS) of northern sea otter (Enhydra lutris kenyoni). Northern sea otters occur in nearshore coastal 
waters along the U.S. north Pacific Rim, from the Aleutian Islands to California (USFWS 2014b). The Southwest 
DPS occurs along the western shore of lower Cook Inlet; throughout the Alaska Peninsula and Bristol Bay coasts; 
and along the Aleutian, Barren, Kodiak, and Pribilof islands (USFWS 2014b). Northern sea otters are non- 
migratory and occur year-round in nearshore coastal waters, typically within 131.2 feet (40 m) of depth to 
maintain consistent access to benthic foraging habitat (Riedman and Estes 1990). Although individuals can cover 
long distances, greater than (>) 160 miles (> 100 km), movement is generally restricted by geography, energy 
requirements, and social behavior, and individuals tend to remain within a home range of less than (<) 11.6 square 
miles (<30 square km; Riedman and Estes 1990; Garshelis and Garshelis 1984). 


The Eastern Aleutian critical habitat unit also occurs in the southern barge transit route near Dutch Harbor. The 
critical habitat is characterized as all the nearshore marine environment, ranging from the mean high tide line to 
the 65.6-foot (20-m) depth contour as well as waters occurring within 328.1 feet (100 m) of the mean high tide 

line (74 FR 51988). 


1.1.4.2 Polar Bear 

Denning habitat is an important factor for success of polar bears (Ursus maritimus), and it is a parameter often 
used to describe effects to the species. Polar bears may den on land or on ice. Only pregnant females den during 
the winter, typically entering the den in October or November and leaving in late March or April (Lentfer and 
Hensel 1980). Males and nonbreeding females remain active through the winter. Terrestrial dens are excavated in 
compacted snowdrifts adjacent to coastal banks of barrier islands and mainland bluffs, river or stream banks, and 
other areas with steep topographic relief to catch drifting snow (Durner, Amstrup et al. 2003). Between Utqiagvik 
(Barrow) and the Kavik River (east of Prudhoe Bay), 95% of dens occupied by radio-collared bears were located 
within 5 miles (8 km) of the coast (Durner, Douglas et al. 2009); historical reports of dens found by other methods 
demonstrate some females den farther inland (Durer, Fischbach et al. 2010; Seaman 1981). 


Polar bear critical habitat was designated by the U.S. Fish and Wildlife Service (USFWS) in 2011 (75 FR 76086). 
The three units of critical habitat in the analysis area (Figure 3.13.1) are as follows: 

¢ Sea-Ice Critical Habitat: Used for feeding, breeding, denning, and movements; comprises U.S. territorial 
waters extending from the mean high-tide line seaward over the continental shelf to the 984-foot (300-m) 
depth contour. 

* Terrestrial Denning Critical Habitat: Occurs along the northern coast of Alaska, where there are coastal 
bluffs or riverbanks suitable for capturing and retaining snowdrifts of sufficient depth to sustain maternal 
dens through winter, as described by Durner et al. (2001). Between the Kavik River and Utqiagvik, 
terrestrial denning critical habitat occurs within 5 miles (8 km) of the mainland coast. 
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¢ Barrier Island Critical Habitat: Used for denning, refuge from human disturbance, and movements along 
the coast; comprises barrier islands and associated mainland spits, includes a “no disturbance zone” 
extending | mile (1.6 km) around all designated barrier-island habitat. (The no disturbance zone does not 
automatically preclude Project activities from occurring within it.) 


Existing human-made structures and the land on which they were located on the effective date of the final critical 
habitat designation (75 FR 76086) are excluded from critical habitat. In addition, seven specific areas were 
excluded: the communities of Utqiagvik and Kaktovik and five U.S. Air Force radar sites—Point Barrow, Point 
Lonely, Oliktok Point, Bullen Point, and Barter Island. 


Because of topography and the distribution of suitable habitat characteristics across the landscape, not all portions 
of terrestrial denning critical habitat are suitable for denning. Thus, the U.S. Geological Survey mapped common 
denning habitat characteristics to describe suitable potential terrestrial denning habitat (Blank 2012; Durner, 
Amstrup et al. 2001; Durner, Simac et al. 2013) along the Beaufort Sea coast, as shown in Figures 3.13.1 and 
S138. 


The analysis area is populated by the Southern Beaufort Sea (SBS) and Chukchi/Bering Sea (CBS) stocks of polar 
bears, which are classified as depleted under the Marine Mammal Protection Act (MMPA) and listed as 
threatened under the ESA (USFWS 2021a, 2021b). Polar bears occur in low densities throughout their range, and 
life-history characteristics including high longevity, late maturity, and few offspring, as well as remote habitat, 
contribute to difficulty in obtaining accurate abundance estimates (USFWS 2019a, 2019b). 


The SBS and CBS populations have experienced substantial depletion because of overharvest in the 1960s, and 
have since undergone periodic cycles of growth and decline. Bromaghin, McDonald et al. (2015) estimated the 
SBS stock to be composed of 907 animals in 2010, based on consistent population declines since 1986 (USFWS 
2017). In 2010, the USFWS reported a CBS stock population estimate of 2,000 individuals based on extrapolation 
of aerial survey and den detection data collected during the late 1990s; however, updated population modeling 
performed by Regehr et al. (2018) estimated an abundance of 2,937 bears (95% confidence interval [CI] = 1,552- 
5,944). 


The SBS stock abundance is believed to be steadily declining because of negative impacts of sea ice loss on 
habitat availability and body condition (USFWS 2017). Although the CBS stock has experienced additional 
pressure from high harvest rates in Russia (Regehr, Hostetter et al. 2018; USFWS 2010), recent work by Regehr, 
Hostetter et al. (2018) demonstrates average-to-high reproductive parameters for the CBS stock since 1986, which 
suggests the population may be experiencing a productive trend. 


1.2 Marine Mammals Protected under the Marine Mammal Protection Act 


1.2.1 Baleen Whales 


1.2.1.1 Minke whale 

There are two stocks of minke whale (Balaenoptera acutorostrata) in U.S. waters: the Alaska stock and the 
California/Oregon/Washington stock. The Alaska stock is relatively common in the Bering and Chukchi seas 
through fall and in the inshore waters of the Gulf of Alaska (Muto, Helker et al. 2019). They are scattered 
throughout coastal, middle shelf, and outer shelf/slope oceanographic domains and appear to be migratory in the 
northern regions. No human mortality or serious injury of minke whales was reported to NMFS and a population 
estimate is not available for the stock. Minke whales feed by side-lunging into schools of prey (plankton, krill, 
small schooling fish). Minke whales could be encountered along the barge transit route in the Gulf of Alaska, and 
the Bering and Chukchi seas. They have not been reported in the Beaufort Sea, so they will not occur near Oliktok 
Dock. 


1.2.2 Toothed Whales 


1.2.2.1 Baird’s beaked whale 

Baird’s beaked whales (Berardius bairdii) are the largest members of the beaked whale family and are found 
throughout the North Pacific Ocean. There are two stocks defined in the U.S.: the California/Oregon/Washington 
stock and the Alaska stock. In the Bering Sea and the Okhotsk Sea, Baird’s beaked whales arrive in April—May, 
are observed throughout the summer, and decrease by October (Muto, Helker et al. 2019). Their winter 
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distribution is unknown, although they have been acoustically detected from November through January in the 
northern Gulf of Alaska. They prefer cold, deep oceanic waters but may also be found nearshore along continental 
shelves. They make long, deep dives lasting from 11 to 30 minutes, diving to depths of 2,500 to 4,000 feet (762 to 
1,219 m), feeding on deep sea fish, crustaceans, and cephalopods. Baird’s beaked whales could be encountered 
along the barge transit route in the Gulf of Alaska and the Bering Sea. They have not been reported in the 
Chukchi or Beaufort seas, so they will not occur near Oliktok Dock. 


1.2.2.2 Beluga Whale 

Beluga whales (Delphinapterus leucas) in Arctic Alaska belong to the Beaufort Sea stock or the Eastern Chukchi 
Sea stock (Muto, Helker et al. 2021). They use waters in the eastern Beaufort Sea but stay farther offshore than 
bowhead whales, typically beyond the shelf break (Hauser, Laidre et al. 2014). Spring migration eastward through 
the Beaufort Sea is stock specific, with the Beaufort Sea stock migrating in spring (April and May) and Eastern 
Chukchi Sea stock migrating in summer (June and July; Suydam, Lowry et al. 2001). The Beaufort Sea stock 
continues on to Canadian waters, spending the summer in the eastern Beaufort Sea, the Mackenzie River Estuary, 
Amundsen Gulf, M’Clure Strait, and Viscount Melville Sound (Hauser, Laidre et al. 2017; Hauser, Laidre et al. 
2014). The Eastern Chukchi Sea stock spends the summer primarily restricted to the continental shelf and slope 
north of Alaska in the northeastern Chukchi and western Beaufort seas (Hauser, Laidre et al. 2014; Stafford, 
Ferguson et al. 2018; Suydam 2009). The Beaufort Sea stock starts moving west and south in September, leading 
to an overlap of ranges for the two stocks that extends from Prince of Wales Strait in Canada westward to Herald 
Shoal in the Chukchi Sea (Stafford, Ferguson et al. 2018; Stafford, Nieukirk et al. 1999). The main fall migration 
corridor of beluga whales is over 54 nautical miles (100 km) north of the coast; however, they do occasionally 
approach shallow water in coastal areas, such as lagoons and river deltas, to molt or feed (Suydam 2009). Beluga 
whales could be encountered along the barge transit route in the Beaufort and Chukchi seas. They have been 
reported in Harrison Bay but typically travel outside of the barrier islands and are not expected occur near Oliktok 
Dock. 


1.2.2.3 Cuvier’s beaked whale 

Cuvier’s beaked whales (Ziphius cavirostris) have the most extensive range of all beaked whales, except in high 
polar waters (Muto, Helker et al. 2019). There are three recognized stocks: the Alaska stock, the 
California/Oregon/Washington stock, and the Hawaii stock. They range north to the northern Gulf of Alaska, the 
Aleutian Islands, and the Commander Islands. They prefer deep pelagic oceanic waters but may also be found 
nearer shore along the continental slope. They make long, deep dives lasting from 20 to 40 minutes or longer, 
diving at least 3,300 feet (1,006 m), feeding on cephalopods, deep sea fish, and crustaceans. Cuvier’s beaked 
whales could be encountered along the barge transit route in the Gulf of Alaska and the Bering Sea. They have not 
been reported in the Chukchi or Beaufort seas, so they will not occur near Oliktok Dock. 


1.2.2.4 Dall’s porpoise 

Dall’s porpoises (Phocoenoides dalli) are common in the North Pacific and have been divided into two stocks: the 
California/Oregon/Washington stock and the Alaska stock. Dall’s porpoises are widely distributed in deep 
oceanic water over 8,000 feet (2,500 m) and over the continental slope of the Bering Sea (Muto, Helker et al. 
2019) during all months. They feed on small school fish, mid- and deep-water fish, cephalopods, and crustaceans. 
Dall’s porpoises could be encountered along the barge transit route in the Gulf of Alaska and the Bering Sea. 
They have not been reported in the Chukchi or Beaufort seas, so they will not occur near Oliktok Dock. 


1.2.2.5 Harbor porpoise 

Harbor porpoises (Phocoena phocoena) are the smallest cetacean in the Arctic. The Bering Sea stock comprises 
48,215 individuals that occur from the Aleutian Islands north to Point Barrow. They rarely occur near Point 
Barrow, although the increase in their frequency of occurrence over the past 20 years may represent a range 
expansion (Funk, Ireland et al. 2010; Hamilton and Derocher 2019; Whiting, Griffith et al. 2011). Harbor 
porpoises could be encountered along the barge transit route in the Gulf of Alaska and the Bering and Chukchi 
seas. They have not been reported in the Beaufort Sea, so they will not occur near Oliktok Dock. 


1.2.2.6 Killer Whale 
Two stocks of killer whale (Orcinus orca) may occur in the analysis area: the Alaska Resident stock that occurs 
from southeastern Alaska to the Bering Sea, and the Eastern North Pacific, Gulf of Alaska, Aleutian Islands, and 
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Bering Sea Transient stock that can occur in the Chukchi and Beaufort seas (Muto, Helker et al. 2021). NMFS is 
currently evaluating new genetic information on killer whales in Alaska that indicates the current stock structure 
needs to be reassessed (Muto, Helker et al. 2021). Killer whales are occasionally reported in the northeastern 
Chukchi Sea attacking gray and beluga whales and bearded seals, and possibly foraging on fish. They have rarely 
been recorded in the Beaufort Sea east of Utqiagvik (Clarke, Brower et al. 2015; Clarke, Christman et al. 2013; 
Lowry, Nelson et al. 1987). Killer whales could be encountered along the barge transit route in the Bering and 
Chukchi seas. They have not been reported in the Beaufort Sea, so they will not occur near Oliktok Dock. 


1.2.2.7 Pacific white-sided dolphin 

The Pacific-white sided dolphin (Lagenorhynchus obliquidens) is found throughout the North Pacific, north to the 
Gulf of Alaska, west to Amchitka in the Aleutian Islands, and sometimes in the southern Bering Sea (Muto, 
Helker et al. 2019). There are three stocks; the stock that uses Alaska waters is the North Pacific stock, whose 
population estimate is 26,880 animals. Pacific white-sided dolphins could be encountered along the barge transit 
route in the Gulf of Alaska and the Bering Sea. They have not been reported in the Chukchi or Beaufort seas, so 
they will not occur near Oliktok Dock. 


1.2.2.8 Stejneger’s beaked whale 

Stejneger’s beaked whales (Mesoplodon stejnegeri) are rarely seen at sea, and the distribution is generally inferred 
from stranded carcasses. The species is endemic to the cold, deep waters of the southwestern Bering Sea and Gulf 
of Alaska (Muto, Helker et al. 2019) and is not known to enter Arctic waters. They are deep divers, feeding on 
deep-water fish, tunicates, and cephalopods. Stejneger’s beaked whales could be encountered along the barge 
transit route in the Gulf of Alaska and the Bering Sea. They have not been reported in the Chukchi or Beaufort 
seas, so they will not occur near Oliktok Dock. 


1.2.3. Pinnipeds 


1.2.3.1 Pacific walrus 

Pacific walruses (Odobenus rosmarus) are listed as a Special Status Species by BLM (2019a). They occur 
throughout the continental shelves of the Bering and Chukchi seas and occasionally in the East Siberian and 
Beaufort seas (USFWS 2014a). Aerial surveys conducted in 2006 estimated 129,000 individuals (95% confidence 
interval: 55,000—507,000) within the survey area (Speckman, Chernook et al. 2011). This estimate is considered 
to be biased low because not all areas important to walruses were surveyed (USFWS 201 4a). During the winter 
breeding season, walruses occur in the Bering Sea in areas with thin ice, open leads, and polynyas (Fay, Kelly et 
al. 1984; Garlich-Miller, MacCracken et al. 2011). Most of the population of Pacific walruses summers in the 
Chukchi Sea, although several thousand individuals, primarily adult males, congregate at coastal haulouts in the 
Gulf of Anadyr, Russia; both sides of the Bering Strait; and Bristol Bay, Alaska. Historically, walruses spent the 
summer on sea ice cover in the Chukchi Sea, with large numbers found over Hanna Shoal in U.S. waters and near 
Wrangel Island in Russia (USFWS 2014a). Over the past decade, the number of walruses hauling out on land 
along the Alaska and Chukotka coastlines of the Chukchi Sea has increased from hundreds to > 100,000 (Garlich- 
Miller, MacCracken et al. 2011; Jay, Marcot et al. 2011; Kavry, Boltunov et al. 2008). Within the National 
Petroleum Reserve in Alaska, walruses regularly haul out on the barrier islands of Kasegaluk Lagoon and 
coastline in and near Peard Bay (Fischbach, Kochnev et al. 2016; Jay, Fischbach et al. 2012) (BLM 2019b, 
Appendix A, Map 3-24). This change in distribution within the Chukchi Sea is coincident with the accelerating 
loss of summer sea ice over the continental shelf (NSIDC 2012). As more walruses haul out in coastal areas, they 
may deplete prey resources that are readily accessible near the haulouts. Walruses rely primarily on bivalves as 
prey but also eat a wide variety of other benthic prey items (Sheffield and Grebmeier 2009). 


Walruses could be encountered along the barge transit route in the Bering and Chukchi seas. Very few individuals 
have been reported in the Beaufort Sea, so they are not expected to occur near Oliktok Dock. 


1.2.3.2. Ribbon Seal 

Ribbon seals (Histriophoca fasciata) inhabit the Bering, Chukchi, and western Beaufort seas. They are relatively 
solitary, except when they form loose aggregations on pack ice during spring to give birth, nurse, and molt. They 
are rarely seen on shorefast ice or land. The estimated abundance is approximately 163,086 seals (Muto, Helker et 
al. 2021). Ribbon seals are an important resource for Alaska Native subsistence hunters. Ribbon seals could be 
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encountered along the barge transit route in the Bering, Chukchi, and Beaufort seas. They are rarely found on land 
or in shallow waters, so they are not expected to occur near Oliktok Dock. 


1.2.3.3 Spotted Seal 

The Bering Sea stock of spotted seals (Phoca largha) may be seasonally present in the analysis area along the 
coast of Harrison Bay and in the CRD (BLM 2012) during winter and spring near sea ice (Quakenbush 1988) 
using terrestrial haulouts on mud, sand, or gravel beaches, and on sea ice in spring where, water depth does not 
exceed 650 feet (Muto, Helker et al. 2021). Numerous haulout sites have been identified in the CRD (USACE 
2018). During winter and spring, this species is strongly associated with the presence of sea ice (Quakenbush 
1988). 


1.3 Noise and Marine Mammals 

This section summarizes the properties of underwater noise, which are relevant to understanding the effects of 
noise produced by construction and operations activities on the underwater marine environment in the analysis 
area. This document does not provide a detailed calculation to acoustical thresholds of specific Project 
components proposed under the action alternatives. This detailed information would be analyzed further in a 
MMPA authorization request and associated Endangered Species Act Section 7 consultation. 


1.3.1 Overview of Acoustics 

Sound is a physical phenomenon consisting of minute vibrations that travel through a medium, such as air or 
water. The disturbed particles of the medium move against undisturbed particles, causing an increase in pressure. 
This increase in pressure causes adjacent undisturbed particles to move away, spreading the disturbance away 
from its origin. This combination of pressure and particle motion makes up an acoustic wave. 


The intensity of sound is characterized by decibels (dB). The mathematical definition of a decibel is the base 10 
logarithmic function of the ratio of the pressure fluctuation to a reference pressure. Decibels are measured using a 
logarithmic scale, so sound levels cannot be added or subtracted directly. For example, if a sound’s intensity is 
doubled, the sound level increases by 3 dB, regardless of the initial sound level. Thus, 60 dB + 60 dB = 63 dB, 
and 80 dB + 80 dB = 83 dB. The decibel measures the difference in orders of magnitude (< 10), so 10 dB means 
10 times the power; 20 dB means 100 times the power; 30 dB means 1,000 times the power; and so on. 


Because the decibel is a relative measure, any absolute value expressed in dB is meaningless without the appropriate 
reference. The metric that describes the change in pressure (amplitude) is the pascal (Pa), approximately equivalent 
to 0.0001465 pounds per square inch. In this document, all underwater sound levels are expressed in decibels 
referenced to 1 microPascal (dB re | Pa) and all airborne sound levels are expressed in dB re 20 uPa. It is possible 
to convert between the reference pressures—in this instance, 26 dB. However, the efficiencies of sound generation 
and reception in air and water differ greatly, so simply adding a constant to the underwater sound pressure level will 
not allow a reasonable assessment of how the sound is perceived by the receiver. Table E.13.1 summarizes terms 
commonly used to describe sounds. 


The method commonly used to quantify airborne sounds consists of evaluating all frequencies of a sound 
according to a weighting system that reflects that human hearing is less sensitive at low frequencies and extremely 
high frequencies than at mid-range frequencies. This is called A-weighting, and the measured level is called the 
A-weighted decibel (dBA). Sound levels to assess potential noise impacts on terrestrial wildlife, airborne or 
underwater, are not weighted and measure the entire frequency range of interest, unless specified by an agency. 


Hertz (Hz) is a measure of how many times each second the crest of a sound pressure wave passes a fixed point. 
For example, when a drummer beats a drum, the skin of the drum vibrates a number of times per second. When 
the drum skin vibrates 100 times per second, it generates a sound pressure wave that is oscillating at 100 Hz, and 
this pressure oscillation is perceived by the ear/brain as a tonal pitch of 100 Hz. Sound frequencies between 20 
and 20,000 Hz (or 20 kilohertz) are within the range of sensitivity of the best human ear. The hearing sensitivities 
of the animals of interest in this document will be discussed for each species below. 


As sound propagates out from the source, there are many factors that change the amplitude. These include the 
spreading of sound over a wide area (spreading loss), the loss to friction between particles that vibrate 
(absorption), and the scattering and reflections from objects in the path (including surface or seafloor). The total 
propagation, including these factors, is called the transmission loss (TL). In air, TL parameters vary with 
frequency and type of source, temperature, wind, source and receiver height, and ground type. Underwater, TL 
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parameters vary with frequency and type of source, temperature, wind, sea conditions, source and receiver depth, 
water chemistry, and bottom composition and topography. For ease in estimating distances to agency thresholds, 
simple TL can be calculated using logarithmic spreading loss with the following formula: 
TIS Bes Mogi) 
TL is transmission loss, B is logarithmic loss, and R is radius to the threshold 


In air, the standard value of B is 20 (or reported as 20 log(R)), resulting in a reduction of 6 dB for every doubling 
of distance. For underwater TL, there are three common spreading models used by agencies: 1) cylindrical 
spreading for shallow water, or 10 log(R), resulting in a reduction of 3 dB for every doubling of distance; 2) 
spherical spreading for deeper water, or 20 log(R), resulting in a reduction of 3 dB for every doubling of distance; 
and 3) practical spreading, which is used when agencies have not defined the depth for the other models, or 15 
log(R), resulting in a reduction of 4.5 dB for every doubling of distance. 


Table E.13.1. Definition of Acoustical Terms 
Term Definition 


Decibel (dB) | A unit describing the amplitude of sound, equal to 20 times the logarithm to the base 10 of the ratio of the 
pressure of the sound measured to the reference pressure. The reference pressure for water is 1 microPascal 
Pa) and for air is 20 Pa (approximate threshold of human audibili 
Sound The SEL is the total noise energy produced from a single noise event and is the integration of all the acoustic 
exposure level | energy contained within the event. SEL incorporates both the intensity and duration of a noise event: SEL is 
(SEL) expressed in dB re 1 Pa?-sec. 
Sound Sound pressure is the force per unit area, usually expressed in Pa (or 20 micro newtons per square meter), 
pressure level | where | Pascal is the pressure resulting from a force of 1 Newton exerted over an area of | m*. The SPL is 
(SPL) expressed in decibels as 20 times the logarithm to the base 10 of the ratio between the pressure exerted by the 
sound to a reference sound pressure. SPL is the quantity that is directly measured by a sound level meter. 
Frequency, Frequency is expressed in terms of oscillations, or cycles, per second. Cycles per second are commonly referred 
hertz (Hz) or | to as Hz. Typical human hearing ranges from 20 Hz to 20,000 Hz (or 20 kHz). 
kilohertz 
(kHz) 
Peak sound The peak sound pressure level is based on the largest absolute value of the instantaneous sound pressure over the 
pressure measured frequency range, reported as dB re | Pa for underwater or dB re 20 Pa for airborne. 
unweighted) 
Root-mean- | The rms level is the square root of the energy divided by a defined time period. For pulses, the rms has been 
square (rms) | defined as the average of the squared pressures over the time that comprises that portion of the waveform 
containing 90% of the sound energy for one impulse. 
Ambient noise | The ambient noise level is the background sound level, which is a composite of noise from all sources near and 
level far. The normal or existing level of environmental noise at a given location. 


1.3.2 Applicable Noise Criteria 
Under the MMPA, NMFS and USFWS have defined levels of harassment for marine mammals. Level A 


harassment is defined as the potential to injure and Level B harassment is defined as the potential to disturb. Table 
E.13.2 summarizes the thresholds for assessing potential impacts on marine mammals from underwater and 
airborne sound. 
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Table E.13.2. Marine Mammal Inju 


and Disturbance Thresholds for Underwater and Airborne Sound 


Underwater Underwater Underwater Gotan 
ak Melati enbde pre ee Threshold (7 arbance Tarestold  Tyireshiold 
Cavel A) Nom | | (evel B) Impulsive ea. i etal B) 
Impulsive 5 Impulsive 
199 dB SEL 160 dB rms 


120 dB rms 


Underwater Injury 
Threshold (Level 
A) Impulsive 


Low-frequency 219 dB Lox 
cetaceans 183 dB SEL 
Mid-frequency 230 dB Lyk 


Marine 
Mammals 


198 dB SEL iP 160 dB rms 120 dB rms NA 


cetaceans 185 dB SEL 

High-frequency | 202 dB Lyx 173°dB SEL 160 dB rms 120 dB rms 

cetaceans 155 dB SEL dell 

Phocid 218 dB Lyx 201 dB SEL 160 dB rms 120 dB rms 100 dB rms 
pinnipeds? 185 dB SEL mele, 


23 2:dB ic 219 dB SEL 160 dB rms 120 dB rms 100 dB rms 
203 dB SEL aes 
Polar bears, a 190 dB rms 180 dB rms 160 dB rms 160 dB rms NA 
walrus, sea otters | ie | 


Source: NMFS 2018 

Note: All underwater sound levels are reported as decibels (dB) referenced to 1 microPascal (dB re 1 Pa) and all airborne sound levels are reported as dB re 
20 uPa. Peak (Lpx) is the instantaneous maximum sound level; sound exposure level (SEL) is the accumulative sound energy over a 24-hour period; root-mean- 
square (rms) is the arithmetic mean of the squares of the measured pressure of the sound. NA (not applicable). 

* The airborne threshold for harbor seals is 90 dB rms. The airborne threshold for all other phocid pinnipeds is 100 dB rms. 


1.3.3 Airborne Acoustic Environment of the Beaufort Sea 
The airborne acoustic environment is characterized in the Willow Master Development Plan Supplemental EIS, 
Section 3.6, Noise. 


1.3.4 Underwater Acoustic Environment of the Beaufort Sea 

The underwater acoustic environment consists of sounds from natural, biologic, and anthropogenic sources. 
Underwater sound levels in the ocean vary over time, as these sources fluctuate on daily, seasonal, and annual 
scales. Natural sources include geologic processes, earthquakes, wind, thunder, rain, waves, ice, etc. Biologic 
sources include marine mammals and fish. Anthropogenic sounds are those generated by humans, including 
vessels, scientific research equipment, aircraft, and offshore industrial activities. 


The Beaufort Sea has a narrow continental shelf that drops off to the north into the Beaufort Sea Plateau, a deep 
basin with depths of 6,500 to 10,000 feet, allowing for the long-range propagation of high-amplitude, low- 
frequency sounds. All of the module delivery options are in the very shallow waters of Harrison Bay. Generally, 
underwater sound levels in shallow waters increase with increasing wind speed (Wenz 1962). Marine mammal 
vocalizations and anthropogenic sounds have been measured using seafloor-mounted passive acoustic monitoring 
devices since the late 1970s. The typical reported ambient levels range from 77 to 135 dB re 1 uPa (Greene Jr., 
Blackwell et al. 2008; LGL Alaska Research Associates Inc., Greenridge Sciences et al. 2013), with general 
ambient conditions at approximately 120 dB re 1 uPa. For consideration of underwater noise effects from Project- 
related noise sources, the analysis assessed the distance needed for a noise source to attenuate to the underwater 
background sound level of 120 dB re | pPa. 


1.3.5 Description of Underwater Sound Sources 


The acoustic characteristics of each of the Project activities are described in the following section and are 
summarized in Table E.13.3. Aspects of module transfer island construction that have the potential to incidentally 
harass marine mammals are the airborne noise generated by vibratory and impact pile driving or removal during 
winter (through bottom-fast ice), some construction activities through ice, screeding, and vessel traffic. Inland pile 
driving may result in airborne disturbance to polar bears. 
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Table E.13.3. Summary of Noise Sources 
Airborne Sound Underwater Sound 

Activity Level Level Frequency Reference 
(dBA re 20 Pa) (dB re 1 Pa) 


Impact driving | 101 dBA at SO feet None proposed in-water | Range: 100-4,000 Hz Airborne: USDOT 2006 

of pipe piles for the Project Concentration: 125 Hz Underwater: Illingworth 
and Rodkin 2007 

Vibratory 101 dBA at 50 feet None proposed in-water | Range: 100-4,000 Hz Airborne: USDOT 2006 

driving of pipe for the Project Concentration: 125 Hz Underwater: Illingworth 

iles and Rodkin 2007 

Vibratory pile 101 dBA at 50 feet None proposed in-water | Range: 10—10,000 Hz Airborne: USDOT 2006 

removal for the Project Underwater: Pangerc et al. 
2017 

Vibratory 81 dBA at 328 feet None proposed in-water | Range: 10—10,000 Hz Greene et al. 2008 

driving of sheet for the Project Concentration: 24-25 Hz 

| piles 

Screeding NA 164-179 dB rms at Range: 10—10,000 Hz Blackwell and Greene 

(tugboat and 3.28 feet Concentration: 10—2,000 Hz | 2003 

barge) 


Ice trenchers 64.7 dBA at 328 feet Greene et al. 2008 

(bulldozer) Concentration: 31—400 Hz 

Grading 78 dBA at 50 feet 125 dB rms at 328 feet Range: 10—8,000 Hz Airborne: USDOT 2006 

excavators Concentration: 31-400 Hz | Underwater: Greene et al. 

(backhoe) 2008 

Ditch Witch 76.3 dBA at 328 feet Greene et al. 2008 
Concentration: 20-400 Hz 


General vessel | 40 at 1,000 feet 145-175 dB rms at 10—-1,500 Hz Blackwell and Greene 

operations 3.28 feet 2003; Richardson et al. 
1995; TORP Terminal LP 
2009 


Note: dB (decibels); dB re 1 Pa (decibels referenced to 1 microPascal); dBA (A-weighted decibels); Hz (hertz); NA (not applicable); rms (root-mean-square); 
USDOT (U.S. Department of Transportation). 


1.3.5.1 Impact Pile Driving 

The U.S. Department of Transportation (USDOT) Construction Noise Handbook provides a summary of 
equipment with measured maximum airborne sound levels at 50 feet (15 m). The handbook reports an airborne 
level of 101 dBA at 50 feet (15 m) for impact pile driving. 


1.3.5.2 Vibratory Pile Driving and Removal 

Greene et al. (2008) measured underwater sound, airborne sound, and iceborne vibrations associated with the 
construction of Northstar Island (~39 feet depth). For vibratory pile driving of sheet piles, they reported airborne 
levels of 81 dB at 328 feet (100 m), with the energy between 10 and 10,000 Hz and concentrated at 50 Hz. 
Airborne sound levels associated with pile removal is the same as installation. 


1.3.5.3 Underwater Construction 

Seabed preparation may use a barge with a screeding device. Blackwell and Greene (2003) reported a source level 
of 164 dB re 1 uPa rms at 3.28 (1 m) feet for the tugboat Leo pushing a full barge near the Port of Anchorage. The 
source level increased to 179 dB re 1 uPa rms at 3.28 feet (1 m) when the tugboat was using its thrusters to 
maneuver the barge during docking. Most of the sound energy is in the band of 100 to 2,000 Hz, with a large peak 
at 50 Hz. There are no measurements available in Alaska of screeding, so these levels are used as a proxy for a 
characterization of these activities. 


In their analysis of Northstar Island, Greene et al. (2008) measured an underwater sound level of a bulldozer at 
114.2 dB re 1 uwParms at 328 feet (100 m), a backhoe at 124.8 dB re 1 uPa rms at 328 feet (100 m), and a Ditch 
Witch at 122 dB re 1 wParms at 328 feet (100 m), with the center frequency between 10 and 63 Hz. They 
reported that broadband sounds from these activities diminished to the median background level of 77 to 116 dB 
re | uPa rms (10 to 10,000 Hz range) at distances between 0.62 and 3.1 miles (1 and 5 km). 
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The measured airborne level of the bulldozer and Ditch Witch were 64.7 dB and 76.3 re 20 uPa rms at 328 feet 
(100 m), respectively; and airborne sound associated with the backhoe was not measured (Greene et al. (2008). 
The USDOT Construction Noise Handbook provides a summary of equipment with measured maximum levels at 
50 feet. The handbook reports an airborne level of 78 dBA at 50 feet. 


1.3.5.4 Vessels 

Some vessels such as tugboats and cargo ships can under some circumstances generate underwater sound 
exceeding the non-impulsive threshold of 120 dB due largely to the continuous cavitation sound produced from 
the propeller arrangement of both drive propellers and thrusters. Large ships produce broadband sound pressure 
levels of about 170 dB re 1 Pa rms at 3.28 feet (1 m) (Blackwell and Greene 2003; Richardson, Greene et al. 
1995). Thrusters have generally smaller blade arrangements operating at higher rotations per minute and therefore 
largely produce more cavitation sound than drive propellers. 


1.3.6 Calculation of Distances to Thresholds 

A detailed analysis of impacts to marine mammals would be included in the MMPA authorization request, if 
required. For purposes of the EIS, distances from construction activities were estimated to the 120 dB underwater 
and 100 dB airborne thresholds. Assuming a TL of 20 log(R) for airborne sound and 15 log(R) for underwater 
sound, the estimated distances to the underwater and airborne thresholds are summarized in Table Fels As 
Airborne noise from construction activities would be below the 100-dB airborne threshold within 55 feet for all 
activities and less than 21 feet for non—pile driving activities. Underwater noise from construction activities such 
as use of a backhoe, bulldozer, or Ditch Witch would be below the 120-dB threshold between 131 and 707 feet 
from the source. Underwater noise from vessels would be below the 120-dB threshold at 7,067 feet. 


Table E.13.4. Estimates of Noise Levels to Thresholds by Activi 
Distance to 100 dB Distance to 120 dB 
airborne threshold (feet) underwater threshold (feet) 


Activity 


Impact pipe pile driving 55 None proposed in-water for the Project 
Vibratory pipe pile driving 35) ehh None proposed in-water for the Project 
Vibratory sheet pile driving Bil None proposed in-water for the Project 
Bulldozer 6 13] 

Backhoe > aa 707 

Ditch Witch 21 446 
[ Vessel NA 7,067 | 


Note: dB (decibels); NA (not applicable), 


Plan (June 2021). A copy of this plan would be kept on-site and would be available for reference by all 

Project personnel. 
| 2. All employees, contractors, and personnel performing activities for the Willow Project would observe and | 
carry out all applicable terms and conditions currently set forth in 50 CFR 18 subpart J, Mitigation, 
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Monitoring, and Reporting Requirements for the 2021-2026 Beaufort Sea Incidental Take Regulations. 
The terms and conditions in the current set of ITRs would be implemented for the 30-year Project life. 
3. All personnel would limit encounters with polar bears by being observant of approaching polar bears and 
by allowing polar bears to pass unhindered when possible. 
4. Ifa polar bear interaction escalates into a life-threatening situation, MMPA section 101(c) allows, without 
specific authorization, the take (including lethal take) of a polar bear if such taking is necessary for self- 
defense or to save the life of a person in immediate danger. Such taking would be reported to USFWS and | 
| BLM as soon as possible, but no later than 48 hours after the incident. 
_ 5. Work activities would not take place within 1.0 mile of known polar bear dens without prior 
authorization. Two polar bear aerial infrared den detection surveys of all denning habitat within 1.0 mile 
of human activity would be conducted during the maternal denning period (as specified in the 2021-2026 
Beaufort Sea ITR). These den detection surveys would be subject to weather restrictions or other factors 
but would take place from approximately November 25 — January 20). Should occupied dens be identified | 
within 1.0 mile of Project activities at any time, work in the area will cease and BLM and USFWS Marine | 
Mammals Management would be contacted. 
6. Vessel operators would maintain the maximum distance possible and take every precaution to avoid 
harassment of concentrations of polar bears. Vessels would reduce speed and maintain a minimum 0.5- 
mile operation exclusion zone around polar bears observed on ice. 
_7. BLM and USFWS would be notified of changes to the Project, including changes to activities, locations, 
or methods, prior to implementation. 


_ 1. Project activities would be conducted in accordance with CPAI’s Polar Bear Avoidance ae Interaction 

Plan (June 2021). A copy of this plan would be kept on site and be available for reference by all Project 

personnel. 

| 2. CPAI would ensure that only trained and qualified personnel are assigned the task of polar bear 

deterrence. Prior to initiation of activities, a list of trained personnel responsible for deterrence and a 

description of their training would be submitted to USFWS Marine Mammals Management. 

Should firearms be used for polar bear deterrence, CPAI would ensure that personnel comply with all 

laws and regulations regarding the carry and use of firearms. 

4. Within 48 hours of occurrence, CPAI or its designated agent, would document and report to USFWS 

Marine Mammals Management all instances involving polar bear deterrence activities. A final report of 
all polar bear deterrence activities would be submitted to BLM and USFWS Marine Mammals 

Management. 

_5. Appropriate deterrence techniques would include use of (but not limited to), bear monitors, airhorns, 

electric fences, bear spray, acoustic recordings, vehicles, and projectiles (e.g., beanbags, rubber bullets, 
“cracker” shells, “bangers”, and “screamers”). Deterrence techniques must not cause the injury or death 
of a polar bear. Any injury or death of a polar bear would be reported to BLM and USFWS Marine 

Mammals Management as soon as possible but no later than 48 hours after the incident. 

| 6. Erior to conducting a deterrence activity, CPAI would: 


iS) 


/a. Makea reasonable effort to reduce or eliminate attractants. 

_b. Secure the site, notify supervisor, and mover personnel to safety. 
c. Ensure the polar bear has escape route(s). 

oe aus communication with all personnel. — 


a. Never deter a polar bear for convenience or to aid Project activities. The safety and welfare of the 

| polar bear is second only to the safety and welfare of humans in a deterrence situation. 

_b. Shout at the polar bear before using projectiles or other techniques. 

_c. Begin with the lowest level of force or intensity that is effective and increase the force or 

intensity of the technique, or use additional techniques, only as necessary to achieve the desired 
_Tesult. 


a. Monitor the Sr bear’s movement (to ensure no return). 
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: b. Notify supervisor and personnel when it is safe to resume work. 
_f:_ Submit a report to USFWS Marine Mammals Management within 48 hours. 
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